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In both developed and developing countries, 
iron deficiency anaemia is the most common 
of all nutritional deficiencies. One major 
cause is poor iron-bioavailability due to the 
presence of inhibitors (e.g., phytate) in the 
diet. Meat proteins promote iron uptake from 
phytate-rich vegetable diets in humans, 
probably by preventing chelation of iron by 
phytates. The objective of this study was to 
identify which fractions of meat proteins 
(sarcoplasmic, myofibrillar or stromal 
proteins) are responsible for maximizing iron 
uptake, and to determine the optimal 
conditions for iron uptake from iron 
supplements in combination with meat 
peptides by gut epithelial cells. The IEC-6 
rat epithelial cell-line was used in this study, 
which is known as a good cell model of iron 
uptake in the gut. Results indicate that 
myofibrillar peptides enhance iron 
absorption most effectively. Iron uptake 
from a 40 µM iron concentration is maximal 
at pH 6.0, at and when the peptide size is less 
than 30 kDa compared to larger peptides.  
Future developments of this work will focus 
on creation of high-bioavailability iron-
supplements.  
   
Key words: Iron deficiency anaemia, food 
fortification, epithelial cells, meat, 
myofibrillar peptides.   





The World Health organization states that 
iron deficiency anaemia is the most common 
and widespread nutritional disorder in the 
world.  It was estimated that 3.5 billion 
people in the world are iron deficient 
(Alleyne et al., 2008).  
A main factor causing iron deficiency is poor 
dietary iron bioavailability due to the 
presence of iron absorption inhibitors in the 
diet (Cook et al., 1981). Conventional iron 
supplements are inefficiently absorbed 
(Hurrell & Egli, 2010).  Meat is not only the 
source of highly bioavailable heme-iron but 
also has a specific property that promotes the 
non-heme iron uptake in humans from 
phytate rich vegetables (Mulvihill et 
al.,1998). Regulation of iron absorption and 
body iron store occurs primarily in the 
proximal small intestine (Halleux and 
Schneider, 1991). Proteins such as DMT1 
(Divalent Metal Transporter 1) and 
hephaestin are involved in iron absorption 
and transport in the human body (Kane and 
Miller, 1984). These proteins are expressed 
in IEC-6 cells. Which have been shown to be 
an appropriate cell model for iron uptake 
processes in the gut (Thomas and Oates, 
2002). The aim of this work was to identify 
which fraction of peptides from digested 
meat proteins maximize iron uptake from a 
currently used iron supplement (ferrous 
gluconate) in the presence of phytates, with a 
view to developing nutraceuticals with added 
value to prevent iron deficiency.  
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II. Materials and Methods 
   
Approximately 150 g of raw commercially-
available porcine psoas muscle was blended 
with 500 mL precooled deionised water and 
was stirred for 2 h at 40 C. Water soluble 
proteins were recovered in the supernatant 
produced from centrifugation at 4000 x g for 
20 min at 40C. The solid pellet from the 
centrifugation was rehomogenized in 500 
mL of an ice-cold salt solution (0.3 M NaCl, 
0.1 M NaH2PO4, 0.05 M Na2HPO4) for 2 h 
and centrifuged again as described above. 
Myofibrillar proteins were extracted from 
this supernatant by precipitation at low ionic 
strength (Savage et al., 1990). The remaining 
solid material after the extraction of salt-
soluble protein was retained as the non-
soluble protein fraction. Protein components 
in each fraction were identified by SDS-
PAGE electrophoresis. Each protein fraction 
was first adjusted to a final protein 
concentration of 2 mg/ml concentration in 40 
µM ferrous gluconate and digested by pepsin 
solution at 37oC at pH 2.0 using a pepsin to 
protein ratio of 1:100 (Katho and Kubo, 
1977).  
IEC-6 cells were routinely maintained in the 
presence of Dulbecco’s modified Eagle’s 
medium (DMEM) containing 5% fetal 
bovine serum, 100U insulin and 50 mg/L 
streptomycin (Thomas and Oates, 2002). To 
study the uptake of iron, cells were washed 3 
times with PBS to remove the culture 
medium and were incubated for 2 hours in 
the minimum essential medium (MEM) 
(control) or in MEM containing iron + 
peptide mixtures at 370C with 10% CO2 and 
90% air. In a preliminary experiment, iron 
uptake was found to be maximal at pH 6.0 in 
these cells, corresponding to the mildly 
acidic conditions in the first part of the 
duodenum. After treatment, cells in PBS-
washed culture plates were counted by 
haemocytometer. The iron content of lysed 
cells was measured by means of a Ferine S 
assay using the Bio-vision Iron Assay kit. 
Iron content was normalised by the number 
of cells in each sample to calculate iron 
uptake. All experiments were conducted 3 
separate times. Statistical analysis data was 
performed under SPSS using ANOVA with 
Tukey’s post hoc test to compare the various 
means of each series of experiments. Means 
were considered significantly different if p 
values were less than or equal to 0.05. 
Variance within treatment groups was 
expressed as the standard error of the mean 
(SEM).   
 
 
III. Results and Discussion 
 
Peptides from myofibrillar proteins in the 
salt-soluble fraction are most effective in 
promoting iron uptake in gut epithelial cells. 
As Fig. 1 shows, only peptides from the salt-
soluble protein (SSP) fraction resulted in 
iron absorption that is significantly higher 
than uptake from iron solution alone. 
Peptides from water soluble proteins have no 
enhancing effect, and peptides from 
insoluble (stromal) proteins actually have an 





Fig.1. Effect of different protein fractions on iron 
absorption. Bars show mean (n=3) iron content of 
IEC-6 cell cultures normalized for cell number.   
Means with different letter are significantly 
different (P<0.05) 
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In the presence of phytates the cellular 
absorption of iron from both control (iron 
gluconate only) or iron plus SSP peptide 
treatments was diminished, as shown in Fig. 
2. However, SSP peptides still caused a 
statistically-significant (p< 0.05) increase in 
iron uptake into the cells, compared to 
uptake from ferrous gluconate alone, in the 






SSP peptides that are less than 30 kDa size 
are more effective than the larger peptides 
for enhancing iron absorption.  A 30 kDa 
molecular weight cut off filter was used to 
separate peptides with MW<30kDa from the 
digested SSP+ferrous gluconate 
preparations.  As shown in Fig. 3, this 
preparation results in a significantly greater 
cellular uptake of iron than the general digest 
of SSP proteins, indicating that smaller 
peptides have the highest bioactivity in 








IV. Conclusions and future work 
The IEC-6 cell line was confirmed as a good 
model to study variations in iron uptake in 
the gut. Although not as effective as digests 
of beef muscle (Storcksdieck et al., 2007), 
small peptides from the myofibrillar proteins 
of porcine muscle were found to 
significantly promote the bioavailability of 
one of the ferrous salts conventionally used 
as an iron supplement for treatment of iron 
deficiency in humans.  Admixtures of the 
peptides with iron supplementts offers the 
possibilty of increasing their absorption and 
so may allow a reduction of curent dose 
levels, which ofter have upleasant side 
effects (nasuea, headache). Mass 
spectroscopy revealed that the MW<30kDa 
SSP peptide mixture contained many 
hundreds of individual peptides (data not 
shown). Future work will therefore focus on 
more detailed separateion of the MW<30kDa 
SSP peptides in order to identify which 
peptide or group of peptides has the highest 
effect on iron uptake by intestinal cells.  
Acknowledgements:  The support of the 
Ontario Ministry of Agriculture & Food and 
Fig.2. Effect of enhancer (salt soluble protein) and 
inhibitor (phytate) on iron absorption.  Bars show 
mean (n=3) iron content of IEC-6 cell cultures 
normalized for cell number.   Means with different 
letter are significantly different (P<0.05) 
Fig.3. Effect of small (<30 kDa) peptides versus other 
peptides from SSP fraction on iron absorption. Bars show 
mean (n=3) iron content of IEC-6 cell cultures normalized 
for cell number.   Means with different letter are 
significantly different (P<0.05)  
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STABILITY OF BERRY POLYPHENOLS DURING COOKING OF 
ENRICHED MARINATED PORK 
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Stability of various berry and red wine 
polyphenols during thermal treatment of 
marinated enriched pork was studied by liquid 
chromatography with UV-Vis and mass-
spectrometric detection (LC-DAD-MS/MS). A 
majority of the polyphenols were rather stable 
(yield 29-63%). Exceptions were anthocyanins, 
the best antioxidants, showing a yield of only 
13-40%. Since flavonol glycosides are largely 
hydrolyzed to the respective aglycones, the 
bioavailability of berry polyphenols and the 
antioxidative capacity of enriched marinated 
pork may even increase during thermal 
treatment. A new parameter for expression of 
linoleic acid oxidation level, AUC171, is proposed. 
 
 
I.          INTRODUCTION 
 
Natural health-promoting plant polyphenols 
are versatile and powerful antioxidants that 
hinder the (per)oxidation of polyunsaturated 
fatty acids (PUFAs) and other oxidizable 
constituents of meat during processing and 
storage by free radical scavenging, transition 
metal ion chelating and oxidation enzyme 
inhibition (1). Furthermore, these ingredients 
are also expected to help maintain the 
oxidant-antioxidant equilibrium in the 
consumers’ organism. The latter expectation 
presumes a sufficient stability of the phenolic 
substances in the meat matrix during thermal 
processing. However, information about the 
thermal stability of polyphenols in meat 
matrix is scarce.  
Therefore, the aim of this study was to assess 
the stability of antioxidant polyphenols during 
cooking of marinated meat. As a meat 
tenderizer, citric acid was chosen for its extra 
antioxidative effect (2). The inhibiting effect 
of a part of these natural additives on the 
oxidation of linoleic acid during marination 
of pork was already published in the 
proceedings of the ICoMST 2008. Due to 
their intensive color, the classical TBARS 
assay was not applicable for study of the 
oxidation process in the anthocyanin- 
 
containing marinated meats. Instead, a liquid 
chromatographic-mass spectrometric (LC-
MS/MS) method was developed to study the 
concentration dynamics of oxylipins, the 
primary oxidation products of unconjugated 
linoleic acid in the marinated meats. 
 
II.         MATERIALS AND METHODS 
 
Pork: Slices from pork sirloin (Musculus 
longissimus dorsi) with a thickness of 1 cm 
and average fat content of 1.7% (40 g) were 
combined with 10 g of lard slices. 
Berry materials and red wine: Commercial 
powders of bilberry (Vaccinium myrtillus L.), 
black chokeberry (Aronia melanocarpa 
[Michx.] Elliott), black currant (Ribes nigrum 
L.), rowanberry (Sorbus aucuparia L.) (all 
from Estonia) and lingonberry (Vaccinium 
vitis-idaea L.) berries from Finland, and red 
grape (Vitis vinifera L.) wine (Cabernet 
Sauvignon, France, 2006).  
Marinades: Berry powder (BP) + distilled 
water (W), ratio BP:W = 1:9, or wine, 
seasoned with 4.5% of NaCl and 0.25 % 
citric acid.  
Marination: Duplicate samples of combined 
meat and lard slices were kept in 
polyethylene bags in a marinade with the 
meat/marinade ratio of about 3:2; w/w at +4 
°C for up to 14 days. 
Thermal processing: Marinated meats were 
individually wrapped into foil and cooked in 
an oven at 200 °C during 30 minutes. Weight 
losses during processing were 28-45%.  
Analytical sample preparation: Marinated 
pork samples (2 g) in duplicates were 
extracted with 4 ml of methanol, shaken for 
30 min, centrifuged, methanol layer extracted 
twice with hexane and the methanol layer 
passed through a C18 SPE-column. 
Chromatographic analysis: LC-DAD-
MS/MS at Agilent 1100 series 
chromatograph. Column: Zorbax 300SB-C18 
(2.1×150 mm; 5µm – Agilent Technologies). 
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Quantitation of polyphenols in meat: Areas 
under LC-UV-Vis chromatograms (AUC) of 
the extracts of meat samples at wavelengths 
280, 370 and 520 nm, from which the AUC 
of the chromatogram of citric acid marinated 
pork was subtracted, were used for the study 
of the dynamics of total polyphenols, total 
flavonols and total anthocyanins during 
thermal treatment, respectively. Yields of 
single major polyphenols were estimated 
from the areas of the respective extracted 
negative ion mass chromatograms (Table 2).    
Quantitation of meat oxylipins: The total 
concentrations of oxylipins were expressed as 
the areas under the extracted ion 
chromatographic curves of the MS2 daughter 
fragment with m/z = 171 (AUC171), 
characteristic for a majority of linoleic acid 
primary oxidation products, products of 9-
lipoxygenase catalysis (Figure 2). 
Concentrations of daughter ion with m/z = 
195, specific for products of 13-lipoxygenase 
pathway were by about an order lower.  
 
III.         RESULTS AND DISCUSSION 
 
According to the results of chromatographic 
analysis, all the berry powders used contained 
various types of polyphenols, while 
anthocyanins and flavonols (Figure 1) and 
their glycosides are the most outstanding 


































= OH and R
2
= OH  
 
Figure 1. Molecular formula of anthocyanidins (a) 
and major flavonol aglycones (b). 
Different anthocyanins that may appear as 
red, purple or blue pigments depending on the 
pH are responsible for the dark color of 
various berries and red grape wine.  
A number of flavonoid group polyphenols 
classified mostly as flavonols and 
anthocyanins were identified, and 
semiquantified in the marinated meat before 
and after cooking in case of every natural 
supplement (Tables 1 and 2). It can be stated 
that most of these compounds are 
comparatively stable during rather severe 
thermal processing of meat (overall yield 29-
63%). The same is valid for a group of 
flavonols and their glycosides (overall yield 
41-76%), except in the case of red grape 
wine, when respective yield is only 21%. It is 
remarkable that whereas the concentration of 
most flavonol glycosides is significantly 
reduced during thermal processing (Table 2), 
the content of flavonol aglycones is mostly 
increased (with a yield of up to 272 %). This 
phenomenon can be partly explained by acid 
hydrolysis of flavonol glycosides at higher 
temperatures yielding relatively heat-resistant 
aglycones (quercetin, myricetin, iso-
rhamnetin etc.). These aglycones are also 
more efficient free radical scavengers and 
have a higher bioavailability in the gastro-
intestinal tract than the initial glycosides 
(glucosides, galactosides, arabinosides, 
glucuronides and so forth) (3, 4). Whether 
thermal processing actually leads to an 
increase in in vivo antioxidative capacity and, 
hence, strengthening of health-promoting 
effects of marinated meat, needs further 
studies. However, this unexpected result may 
be also partly caused by incomplete 
extraction of specific polyphenols from 
thermally non-treated meat matrix. Situation 
that anthocyanins, glycosides of 
anthocyanidins such as cyanidin, delphinidin, 
malvidin etc have a low yield (8-21%) may 
be linked to their highest antioxidativity 
among the polyphenols (3) as well as intrinsic 
lability of their molecules (5).  
Concentrations of various flavonol aglycone 
oxydimers that are shown to be formed during 
flavonol oxidation by free radical mechanism 
(6) were below limits of detection and 
identification. 
A number of oxylipins, oxidation products of 
the unconjugated linoleic (all-cis-9,12-
octadecadienoic) acid, were identified and 
quantified in the pork by LC-MS/MS.  
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The most abundant oxylipins were (Figure 2): 
9,12,13-trihydroxy-10-octadecenoic acid 
(9,12,13-THODE; m/z = 329) and 9-hydroxy-
12,13-epoxy-10-octadecenoic acid (9-
HepoDE; m/z = 311). The concentration of 
potentially toxic dihydroxy-octadecenoic 
acids (leukotoxin diols), characteristic for 
highly oxidized mechanically deboned meats 
(7), was very low both before and after 
cooking of marinated meat.    
The concentration of oxylipins in marinated 
meat decreases during thermal processing 
(Table 1 ‒ yields of AUC171).   
Since the spectrum of oxylipins of linoleic 
(cis, cis-9,12-octadecadienoic) acid is rather 
broad, there are problems with establishing 
their total content in meat samples. Therefore, 
the quantitation of oxylipins was performed 
by common for a majority of oxylipins MS2 
daughter ion with m/z = 171, products of 
linoleic acid oxidation reaction, catalyzed by 
9-lipoxygenase pathway (Figure 2).   
A small sensorial panel considered all the 
cooked marinated meats as interesting 




Figure 2. MS2 spectra of two major oxylipins, 
formed during pork marination. Both spectra are 
characterized by daughter ion with negative m/z = 
171.
 
Table 1. Yield of total phenolics, total flavonols and total anthocyanins during cooking of marinated pork, totals 
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Table 2. Yield of individual flavonols (%) during cooking of marinated pork.  
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IV.         CONCLUSION 
 
Polyphenols from different berry powders, 
added to pork marinades, are remarkable for 
their thermal stability (50% in average) and, 
hence, can really function as natural 
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antioxidants in human organism. Predictably, 
the weakest group is represented by 
anthocyanins. The concentration of various 
linoleic acid oxylipins is also reduced during 
cooking. 
Previously, it was proposed that the total 
concentration of 9,12,13-THODE and 9-
HepoDE might serve as a marker of fatty acid 
oxidation level in meat (especially in colored 
products) instead of the classical TBARS 
value that may underestimate the degree of 
lipid oxidation in meat (2). Hereby we can add 
AUC271 as an even more universal parameter 
for this marker in food products containing 
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Abstract – Subcutaneous fat proportions of 
polyunsaturated fatty acid biohydrogenation 
products (PUFA-BHP) were compared in steers 
fed a control diet (70:30 red clover silage (RC): 
barley concentrate), a diet with sunflower-seed 
(SS) substituted for barley, and diets with 15 or 
30% wheat dried distillers’ grain with solubles 
substituted for RC and SS. Compared to 
control, the SS, DDGS-15 and DDGS-30 diets 
had ~4% more crude fat with 20% more 18:2n-
6. Compared to feeding control, the SS diet did 
not change but DDGS-15 and DDGS-30 diets 
progressively increased proportions of total n-6 
fatty acids in subcutaneous fat. Compared to 
control, feeding SS and DDGS-15 diets 
increased c9,t11-18:2 and t11-18:1 (i.e., major 
BHP of 18:2n-6; P < 0.05), but contents were 
either unchanged (c9,t11-18:2) or intermediate 
(t11-18:1)  when feeding DDGS-30. Compared to 
control, feeding all other diets increased (P < 
0.05) total non-conjugated 18:2 BHP (i.e., 
atypical dienes) and t8,c12-18:2. Compared to 
control, feeding SS reduced total and major 
branched chain fatty acids (P < 0.05), and 
DDGS-15 and DDGS-30 led to further 
reductions (P < 0.05). Overall, feeding SS and 
DDGS-15 diets raised the proportions of PUFA-
BHP with potential human health benefits (i.e., 
t11-18:1 and c9,t11-18:2), but feeding DDGS-30 





There has been a growing interest in raising 
proportions of polyunsaturated fatty acid 
biohydrogenation products (PUFA-BHP), 
especially rumenic acid (RA, cis (c)9, trans 
(t)11-18:2) and its precursor vaccenic acid 
(VA, t11-18:1) in beef (1) owing to their 
potential benefits to human health (2). This 
can be accomplished by feeding sources of 
PUFA in forage based diets, but animal 
performance and meat quality can suffer 
compared to feeding high concentrate diets. 
Recently, we demonstrated these problems can 
be in part alleviated by replacing forage (red 
clover silage (RC)) with wheat dried distillers’ 
grains plus solubles (DGGS) as a non-forage 
fibre source (3). The current study is an 
extension of Mapiye et al. (3) and the 
objective was to compare PUFA-BHP profiles 
in subcutaneous fat (SCF) from the same 
group of steers. We were interested in SCF 
due to its greater propensity to accumulate RA 
and VA, and because it is used when making 
ground beef, the most consumed beef product 
in North America (4).  
 
II. MATERIAL AND METHODS 
 
Sixty-four 12-month-old British × Continental 
crossbred steers with an initial body weight 
(BW) of 362.7 ± 4.5 kg were stratified by 
weight to four experimental diets (control; SS, 
DDGS-15 and DDGS-30), with two pens of 
eight steers per diet. The control diet was 
composed of 70% RC, 25.8% barley grain and 
4.2% vitamin-mineral supplement on a dry 
matter (DM) basis (Table 1). The SS diet 
contained 11.4% SS substituted for barley 
grain, and the DDGS-15 and DDGS-30 diets 
contained 15% and 30% DDGS substituted for 
RC and SS to maintain ~4% added oil in the 
diets from either SS or DDGS (DM basis; 
Table 1).  
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Table 1 Ingredient, nutrient and fatty acid composition of the dietary treatments 
 
Variable 
Dietary treatments  
Control SS        DDGS-15 DDGS-30  
Ingredients (% DM basis)      
     Sunflower-seed 0.0 11.4 9.2 7.0  
     Dried distiller’ grains with solubles 0.0 0.0 15.0 30.0  
     Barley grain 25.8 14.4 14.4 14.4  
     Red Clover 70.0 70.0 57.2 44.4  
     Vitamin/mineral supplement1 4.2 4.2 4.2 4.2  
Nutrient composition (% DM basis)     SD 
     Dry matter  42.6 40.2 44.2 50.1 4.2 
     Crude protein 13.1 13.4 16.5 20.8 3.6 
     Crude fat 1.89 6.40 5.80 5.90 2.09 
     Calcium  0.86 0.92 0.81 0.69 0.10 
     Phosphorus 0.31 0.32 0.41 0.53 0.10 
     Acid detergent fibre  33.7 37.0 33.8 28.4 3.6 
     Neutral detergent fibre  43.3 48.7 44.5 38.5 4.2 
     Digestible Energy (Mcal/kg) 2.71 2.57 2.73 2.91 0.14 
Fatty acids (% of total fatty acids)      
     14:0 0.35 0.17 0.15 0.15 0.10 
     16:0 18.8 10.6 11.9 13.5 3.60 
     18:0 2.86 4.15 3.67 3.24 0.56 
     20:0 1.11 0.65 0.49 0.41 0.31 
     22:0 1.29 1.11 0.85 0.71 0.26 
     24:0 1.25 0.70 0.52 0.44 0.36 
     c9-18:1 9.49 12.4 13.0 13.3 1.75 
     c11-18:1 0.93 0.73 0.76 0.78 0.09 
     18:3n-3 18.9 7.09 6.26 5.59 6.32 
     18:2n-6 39.0 59.6 60.3 60.1 10.5 
SS, sunflower-seed; DDGS-15; 15% wheat dried distillers’ grain with solubles + sunflower-seed; DDGS-30, 30% wheat 
dried distillers’ grain with solubles + sunflower-seed; SD, standard deviation; 1Vitamin/mineral supplement per kg DM 
contained 1.86% calcium, 0.93% phosphorous, 0.56% potassium, 0.21% sulphur, 0.33% magnesium 0.92% sodium, 265 
ppm iron, 314 ppm manganese, 156 ppm copper, 517 ppm zinc, 10.05 ppm iodine, 5.04 ppm cobalt, 2.98 ppm selenium, 
49722 IU/kg vitamin A,  9944 IU/kg vitamin D3,  and 3222 IU/kg vitamin E.  
 
Steers were slaughtered at the Lacombe 
Research Centre abattoir at an average of 190 
d on feed. At approximately 20 min post-
mortem, during evisceration, a sample of SCF 
(5 cm × 5 cm × the thickness of SCF) was 
collected above the loin posterior end of the 
12th rib and stored at −80°C for subsequent FA 
analysis. For analysis, 50 mg of SCF was 
freeze-dried and directly methylated with 
0.5M sodium methoxide (5). Fatty acid methyl 
esters were analysed by GC using a CP-Sil88 
column (100 m, 25 µm ID, 0.2 µm film 
thickness) in a CP-3800 gas chromatograph 
equipped with an 8600-series autosampler 
(Varian Inc., Walnut Creek, CA, USA). Two 
GC analyses were conducted per sample using 
complementary temperature programs with 
150°C and 175°C plateaus according to 
Kramer et al. (6). Conjugated linoleic acid 
isomers not separated by GC were further 
analysed using Ag+-HPLC as described by 
Cruz-Hernandez, et al., (7). Statistical analyses 
were conducted using Proc Mixed (8). All the 
data were analysed as a one-way factorial 
including main effect of diet, and animal (diet) 
as the random effect. Treatment means were 
generated and separated using the LSMEANS 
and PDIFF options respectively. The 
significance threshold was set at P<0.05.  
 
III. RESULTS AND DISCUSSION 
 
No changes in n-6 PUFA were found in SCF 
comparing control versus the SS diet (P > 
0.05; Table 2). Feeding the DDGS-15 and 
DDGS-30 diets led to successive increases in 
n-6 PUFA (P < 0.05), indicating a greater rate 
of ruminal bypass. Feeding the SS, DDGS-15 
and DDGS-30 diets had no effect (P < 0.05) 
on the proportions of total conjugated linolenic 
acid (CLNA) and c9,t11,c15-18:3, the major 
CLNA isomer (Table 2). Compared to control, 
feeding the SS diet increased (P < 0.05) 
proportions of total non-conjugated 18:2 BHP 
(i.e., atypical dienes, AD) and the major AD 
(t8,c12-18:2) but no further changes were 
noted when feeding 15% or 30% DDGS (P > 
0.05). These findings reflect greater 
proportions of 18:2n-6 when feeding SS and 
DDGS containing diets. Substituting SS into 
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the control diet had no effect on t11,c15-18:2, 
but further substitutions with DDGS led to 
reductions (P < 0.05). This may be related to 
dietary proportions of n-3 PUFA which 
declined with addition of SS and DDGS to the 
diet. During biohydrogenation, 18:3n-3 is 
isomerised to CLNA, which is in turn 
hydrogenated to t11,c15-18:2 (9).  
 
Compared to control, proportions of total and 
major CLA (t7,c9- and t9,c11-18:2) and t-18:1 
(t11- and t13-/t14-18:1) isomers were 
increased (P < 0.05) by feeding SS and 
DDGS-15 diets (P > 0.05), but responses were 
somewhat diminished when feeding the 
DDGS-30 diet. This could be a result of a 
combination of factors including higher 
dietary 18:2n-6 observed for the diets 
containing SS, greater bypass of 18:2n-6 when 
feeding DDGS diets, and a decline in dietary 
fibre with increasing DDGS, which might 
have reduced ruminal pH and negatively 
influenced ruminal biohydrogenation (10; 11). 
This may also be due to greater de novo 
synthesis of FA in SCF and dilution of PUFA-
BHP when DDGS were added to the diet.  
 
Feeding SS vs. the control diet led to 
reductions (P < 0.05) in the proportions of 
total and individual BCFA, and proportions of 
these FA were further reduced (P < 0.05) by 
feeding DDGS-15 and DDGS-30. Since the 
majority of BCFA in animal tissue are 
synthesised de novo by rumen microbes (12), 
the high levels of 18:2n-6 in SS containing 
diets might have inhibited the responsible 
rumen microbes (13) thereby reducing BCFA 
production. Further reductions observed when 
adding DDGS to the diet could be a result of 
decreased ruminal propionate production from 
readily fermentable starch (14). Propionate is a 
precursor of methylmalonate, which is used as 




Feeding SS and DDGS-15 diets led to 
remarkable increases in proportions of VA and 
RA in SCF, but feeding DDGS-30 was not as 
effective. Feeding DDGS-15 might, therefore, 
be a way to improve the healthfulness of SCF 
fatty acid profiles, while improving overall 
animal performance and meat quality.  
Table 2 Least square means of polyunsaturated fatty acids and their biohydrogenation products from 
subcutaneous fat of steers fed sunflower-seed and dried distiller’s grains with solubles  
Variable  Control SS DDGS-15 DGGS-30 s.e.m P-value 
∑ FA (mg/g) 893 895 896 900 907 0.52 
∑ n-6 PUFA 1.61c 1.61c 1.76b 2.25a 0.06 <0.001 
∑ n-3 PUFA 0.49a 0.38b 0.36b 0.35b 0.02 <0.001 
∑ CLNA 0.07 0.07 0.07 0.07 0.004 0.45 
    c9,t11,c15-18:3 0.04 0.05 0.05 0.05 0.003 0.20 
∑ AD 0.81b 1.20a 1.22a 1.22a 0.04 <0.001 
    t8,c12-18:2 0.15b 0.29a 0.31a 0.31a 0.02 <0.001 
    t11,c15-18:2 0.21a 0.21a 0.16b 0.14c 0.01 <0.001 
∑ CLA 0.82c 1.40a 1.41a 1.32b 0.03 <0.001 
    t7,c9-18:2 0.04c 0.07b 0.08a 0.08a 0.003 <0.001 
    c9,t11-18:2 0.72b 1.26a 1.25a 1.18b 0.03 <0.001 
∑ c-MUFA 43.1 44.0 44.2 45.3 1.03 0.50 
∑ t-MUFA 3.06c 6.09ab 6.49a 5.82b 0.21 <0.001 
    t11-18:1 1.45c 2.80ab 2.88a 2.54b 0.11 <0.001 
    t13/t14-18:1 0.37c 0.75ab 0.83a 0.69b 0.04 <0.001 
∑ BCFA 3.03a 2.34b 2.20c 1.89d 0.051 <0.001 
     iso-17:0 0.48a 0.40b 0.37c 0.33d 0.01 <0.001 
    ai-17:0 0.80a 0.59b 0.58b 0.53c 0.01 <0.001 
∑ SFA 45.9a 41.7b 41.2b 40.8b 1.04 0.001 
a,b,c Means with different superscripts for a particular fatty acid profile are significantly different (P < 0.05); s.e.m, standard 
error of mean; c, cis; t, trans; ∑ FA, total fatty acids in mg per g of fat; ∑ PUFA, sum of polyunsaturated fatty acids = ∑ n-6  
+ ∑ n-3; ∑ n-6 = sum of 18:2n-6, 20:3n-6, 20:4n-6; ∑ n-3 sum of 18:3n-3, 20:5n-3, 22:5n-3; ∑CLNA, sum of conjugated 
linolenic acid = c9,t11,t15-, c9,t11,c15-; ∑ AD, atypical dienes = sum of t11,t15-, c9,t13-/t8,c12-, t8,c13-, c9,t12-/c16-18:1, 
t9,c12-, t11,c15-, c9,c15-, c12,c15-18:2; ∑ CLA, conjugated linoleic acid =  sum of t12,t14-, t11,t13-, t10,t12-, t9,t11-, 
t8,t10-, t7,t9- t6,t8-, c9,t11-, t7,c9-, t11,c13-, t12,c14-, c11,t13-, t10,c12-, t8,c10-, t9,c11-18:2; ∑ t-MUFA, sum of trans-
monounsaturated fatty acids = t9-16:1, t6,t7,t8-, t9-, t10-, t11-, t12-, t13/t14-, t15-, t16-18:1; ∑ c-MUFA = sum of c9-14:1, 
c7-16:1, c9-16:1, c11-16:1, c9-17:1, c9-18:1, c11-18:1, c12-18:1, c13-18:1, c14-18:1, c15-18:1, c9-20:1, c11-20:1; ∑ BCFA, 
branched chain fatty acids = sum of iso-15:0, anteiso-15:0, iso-16:0, iso-17:0,  anteiso-17:0,  iso-18:0; ∑ SFA= sum of 14:0, 
15:0, 16:0, 17:0, 18:0, 19:0, 20:0. 
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Abstract - Eighty one weaned rabbits were randomly 
allotted to nine groups with nine rabbits to determine 
Proximate composition of meat from cut-up parts of 
rabbits fed diets containing graded levels of processed 
tallow seed meal. Each group had three replicates with 
three rabbits in a 32x 35 factorial and arranged as a 
completely randomized design. Control had 100% palm 
kernel cake and 0% tallow seed meal. Diets 1 – 4 
contained cooked tallow seed meal included at 75% 
PKC: 25% CTSM, 50% PKC: 50% CTSM, 25% 
PKC:75% CTSM and 0% PKC: 100% CTSM, Groups 
5 – 8 had fermented tallow  seed meal diets and 
included at the same levels as in the cooked diets. Fifty 
four rabbits were slaughtered from the nine groups 
with six rabbits per group. Proximate compositions of 
rabbit’s meat from the hindleg, shoulder, rib and loins 
were determined for MC, CP and EE. Processing 
methods influenced (P<0.05) hind leg (CP, EE), rib 
(MC, CP, EE) and loin (CP). Hindleg (MC, CP, EE), 
shoulder (MC, EE), rib (MC, CP, EE) and loin (CP) 
values were influenced (P<0.05) by the inclusions levels. 
It was concluded that rabbit’s meat fed processed 
tallow seed meal had high nutritional value, 




Recently, the nutritional value of rabbit meat has 
been reviewed by several authors [1, 2, 3], showing 
that rabbit meat has a high nutritional value compared 
with other meats. The main components of meat 
excluding water are proteins and lipids. Rabbit meat 
is a lean meat rich in proteins of a high biological 
value and it is characterized by high levels of 
essential amino acids [1].  The information available 
on chemical composition of rabbit meat is extremely 
variable, especially regarding fat content, depending 
on the part of the carcass studied [4] and also on the 
different productive factors [5], especially feeding 
factors having a strong influence on the chemical 
composition of rabbit meat, in particular, on its lipid 
composition. Rabbit meat is characterized by its 
lower energy value compared with red meats [1] due 
to its low fat content. Fat content varies widely 
depending on the carcass portion from 0.6 to 14.4 % 
(fat from edible meat with intramuscular and 
intermuscular fat content) with an average value of 
6.8 % [3] with the loin being the leanest part of the 
carcass (1.2 % of lipids).  
 
II MATERIALS AND METHODS 
 
 An eighty four days experiment was conducted using 
eighty one (81) weaned rabbits of mixed breed and 
sexes to determine the proximate composition of 
meat from various cut-up parts of rabbits 
(Oryctolagus cunniculus) fed diets containing graded 
levels of processed tallow (Detarium microcarpum) 
seed meal. The rabbits were randomly allotted to nine 
treatment groups with nine rabbits per treatment. 
Each treatment had three replicates with three rabbits 
per replicate. Two processing methods (Cooking and 
Fermentation) were used to process tallow seeds.  
Control diet had 100% palm kernel cake (PKC) meal 
and 0% tallow seed meal, represented as T0. T1 – T4 
contained cooked tallow seed meal (CTSM) and 
included as T1 (75% PKC : 25% CTSM); T2 (50% 
PKC : 50% CTSM); T3 (25% PKC : 75% CTSM) and 
T4 (0% PKC : 100% CTSM), While T5 – T8 had 
fermented tallow  seed meal (FTSM) and included at 
the same levels as observed in the cooked diets 
(Table 1). The rabbits were placed in three-tier rabbit 
hutches which had a total of nine units per tier. The 
rabbits were provided with feed and water ad-libitum 
twice daily at 0800 and 1400h for the 84 days 
experimental period. The rabbits were dewormed 
against endo and ecto-parasites using 10 mg/ml 
ivomectine(R Pantex Holland). In addition, 
medication was administered when necessary. The 
diets were supplemented with equal quantities of 
forages (Tridax precumbens). The rabbits were 
weighed at the beginning of the experiment and 
subsequently on weekly basis. The design of the 
experiment was a 32x 35 factorial and arranged as a 
completely randomized design (CRD). Data on 
Proximate compositions of rabbit’s meat from the 
hindleg, shoulder, rib and loins were determined for 
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moisture (MC), crude protein (CP) and ether extract 
(EE) were determined according to [6]. Data obtained 
from the experiment were subjected to the analysis of 
variance (ANOVA) in a completely randomized 
design using the procedure of [7]. 
 
All diets were supplemented with equal amounts of 
bone meals, oyster shell, salt, vitamin-mineral 
premix, methionine and lysine. The rabbits were 
dewormed against endoparasites.  Adequate 
medications were administered where necessary. The 
diets were supplemented with some quantities of 
Tridax procumbens as source of forage in the 
evenings. The cages were equipped with feeders and 
drinkers. Prior to the start of the experiment, the 
animals were fed common diets and allowed an 
adjustment period of 5 days to enable the animals get 
accustomed to their cages and diets. The diets and 
fresh water were provided ad-libitum throughout the 
duration of the experimental period. The experiment 
lasted for 12 weeks.  At the end of the growth studies  
a total of 54 rabbits were randomly selected from the 
nine (9) dietary groups, with six (6) rabbits per group 
and the carcasses were cut into primal parts. The 
design of the experiment was 32x 35 factorial and 




III RESULTS AND DISCUSSION 
 
The proximate composition of meat from various cut-
up parts of rabbits fed diets containing graded levels 
of processed tallow seed meal are shown in Table 2. 
The processing method had no significant (P>0.05) 
effect on the moisture content of the hind legs, 
shoulder MC, CP and EE and the loin MC and EE of 
rabbits. However, the processing methods were found 
to have influenced the hind leg (CP, EE), rib (MC, 
CP, EE) and loin (CP) significantly (P<0.05). The 
chemical composition of the leg (MC, CP, EE), 
shoulder (MC, EE), rib (MC, CP, EE) and Loin (CP) 
were significantly (P<0.05) influenced by the levels 
of inclusions of tallow in the diets. The hind leg MC 
was higher at 0 %  although similar to those fed at 25 
% and 100 % levels, but differed (P<0.05) from the 
rabbits fed at 50 % inclusion level. The highest CP 
was at 75 % level, while the least was observed at 
100 % inclusion level. The shoulder MC was higher 
at 25 % level although similar to 50 % level. 
Shoulder EE was lower (P<0.05) at 0 % level.  Rib 
MC was higher at 0 % although similar to 25, 50 and 
100 % levels but differed (P<0.05) from the 75 % 
inclusion level of the processed tallow diets. The CP 
of rabbits fed 75 % TSM level was the highest, but 
differed (P<0.05) significantly from those fed at 0 % 
level which was least, while the EE also followed the 
same trend as the CP. The Loin CP was higher 
(P<0.05) at 50 % level than at 100 % inclusion level.  
 There were interactions between processing methods 
and levels of inclusion of TSM in the hind-leg MC, 
CP and EE; Shoulder EE; Rib CP, EE and Loin CP.  
These might be as a result of genotype, age and sex of 
rabbits. However the values are in line with the 66.60 
% recorded by [4]. The crude protein in this study 
compared well with the per cent protein 21.24 % and 
3.74 to 12.32 % fat reported by [8, 9, 4]. The fat 
content is as a result of manipulation in nutrition for 
domesticated rabbits [9]. The authors observed that 
the wild hare solely survive on herbs which might 
have been responsible for the higher per cent fat 
normally observed with the domesticated rabbits. The 
diets did not influence the moisture, crude protein and 
fat per cent of the shoulder cut up parts as they were 
not significantly (P>0.05) different. The rib moisture 
content was also in line with the reported values by 
[4], although the ether extracts were lower than the 
(12.80 %) reported by the same authors. The loin 
values were not appreciably influenced by the diets 
except the per cent crude protein which were slightly 
different. The values were slightly higher than the 
22.10 % reported by [4]. This result is in agreement 
with the findings of [10, 11] who studied the effects 
of genotype, age and sex on the muscle composition. 
The data concerning the protein content of rabbit’s 
meat as related to age are in conformity with the 
observations of [12] which demonstrated an increase 
and that of [13] who stated a decrease of the protein 
content with the increasing age. The contents of the 
lipids in this present study were within the range of 




It was concluded that processing methods improved 
the nutritional content of meat from rabbit’s cut-up 
parts. The CP contents were higher at 75 % levels in 
all the cut-up parts measured except in the loins. EE 
were also within the normal ranges. Therefore meat 
from rabbits fed tallow seed meal based diets had 
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Table: 1 Composition of experimental diets  (%) 
Ingredients Control   CTSM         FTSM    
 0 25                            50 75 100 25                                                                                   50 75 100 
Maize 17.69 23.48 27.13 32.20 35.18 24.76 30.31 33.95 37.75 
PKC 58.06 39.20 24.31 10.89 0.00 38.24 22.72 10.45 0.00 
TSM   0.00 13.07 24.31 32.66 40.57 12.75 22.72 31.35 38.00 
Maize offal 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Vita premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Bone meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
Methionine 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Lysine 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Total 100 100 100 100 100 100 100 100 100 
 
Determined analysis 
Dry matter 88.47 87.50 89.05 87.95 87.88 88.89 88.69 89.13 87.85 
Crude protein 16.85 16.48 16.20 16.65 16.00 16.55 16.20 16.85 16.00 
Crude fibre 15.62 16.12 16.50 15.50 15.50 15.50 16.60 16.03 16.03 
Ash 4.50 4.50 4.50 4.00 4.00 4.00 4.50 5.00 5.50 
Ether extract 9.00 11.00 11.00 10.50 9.50 10.50 9.00 9.00 9.50 
NFE 42.50 39.40 40.85 41.30 42.88 42.34 42.39 42.25 40.82 
Energy 
(Kcal/kg/ME) 2756 2840 2864 2941 2891 2842 2846 2615 2749 
TSM = Tallow seed meal, CTSM= Cooked tallow seed meal, FTSM = Fermented tallow seed meal  
Premix supplied per 2.5kg/tonne contains: Retinol acetate (10000000 iu ), Vit. D3 (2000000 iu), Vit E ( 15000 iu), Vit B 
(3000mg),Niacin (15000mg),  
Calcium pantothenate (800mg), Vit . B6 (3000mg), Vit. B12 (10mg) Vit. K3 (2000mg), Biotin (20gm),  
Folic acid (500mg), Choline chloride (250,000mg), Manganese (75000mg),  Iron (25000mg), Copper (5000mg), Zinc 
(70000mg), Selenium(150mg), Iodine(1300mg), Magnesium (100mg), 500g ethoxyquin and BHT (700g) 
NFE=Nitrogen free extract. 
 
 
Table 2: Chemical composition of meat from hind leg, shoulder, rib and loin of rabbits fed diets containing graded  

























Cooked 65.25 24.21a 6.83b 64.71 25.15 5.13 66.01a 20.58b 9.76b 66.06 23.12b 6.61 
Fermented 65.20 23.15b 8.72a 64.72 25.15 5.12 65.02b 22.12a 10.48a 65.90 23.33a 6.74 
SE 0.019 0.010 0.036 0.014 0.019 0.002 0.046 0.082 0.019 0.027 0.001 0.014 
LOS NS * * NS NS NS * * * NS * NS 
Levels             
0 65.68a 24.23a 6.81c 64.36c 25.24 5.08b 65.88a 19.80c 9.77c 66.09 23.14b 6.50 
25 65.34ab 24.24a 6.87c 64.99a 25.22 5.14a 65.68a 21.53ab 9.85c 65.67 23.35a 6.72 
50 64.65c 23.86b 8.22b 64.80ab 25.22 5.13a 65.63ab 21.61ab 10.03bc 66.15 23.60a 6.77 
75 65.07b 25.83a 7.43c 64.69b 25.03 5.13a 64.79b 22.77a 10.60a 66.06 23.16b 6.66 
100 65.39ab 22.24c 9.54a 64.71b 25.03 5.13a 65.59ab 21.06bc 10.35ab 65.95 23.12b 6.73 
SE 0.048 0.024 0.091 0.036 0.047 0.006 0.114 0.206 0.047 0.067 0.024 0.035 
LOS * * * * NS * * * * NS * NS 
M×L * * * NS NS * NS * * NS * NS 
abc Means with different superscripts in the same column are significantly (P<0.05) different. 
SE: Standard error, LOS: level of significance, NS: Not significant, *: Significant 
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Abstract – Fatty acid composition and content of 
meat have potentially negative or positive health 
implications. Age, duration of feeding and diet 
determine muscle fat content and fatty acid 
composition. In this trial the muscle fat content and 
fatty acid (FA) composition of beef M. longissimus 
(LD) of seven age/feeding regime combinations 
were compared, namely grass finished A (0 tooth), 
AB (1 - 2 permanent incisors, p.i.), B (4 p.i.), B (6 
p.i.), C (8 p.i.) and grain finished A (0 p.i.) and AB 
(1 - 2 p.i.).  Total lipid, monounsaturated FA and n-
6 polyunsaturated FA (n-6 PUFA) in LD of grain 
fed cattle were higher and n-3 PUFA lower than 
that in LD of grass fed cattle. Under the conditions 
of this study, age or duration of grass feeding did 
not influence FA composition of beef LD but diet 




The fatty acid (FA) composition of meat (muscle 
and adipose tissue) determines the nutritional 
value and affects various aspects of meat quality, 
including shelf life and flavour (1, 2).  Animal 
source foods (ASF) are commonly blamed as the 
cause of weight problems and various “modern 
lifestyle diseases” as a result of their perceived 
high saturated FA (SFA) content and 
unfavourable polyunsaturated FA (PUFA) 
proportions (3, 4).  According to Mann et al. (5) 
the negative image of red meat was mainly the 
result of the production of high fat carcasses, 
while in certain countries where production 
systems cater for leaner carcasses and efforts are 
made to encourage consumption of trimmed red 
meat, health benefits of red meat consumption 
are demonstrated.  In particular, various studies 
have proved that the presence of certain FA in 
lean red meat has beneficial health effects (6, 7). 
 
Carcass fatness, age, fat depot and feeding 
regime are the most important factors affecting 
the FA composition of beef (2).  However, 
contradicting results can occur due to 
interactions among these factors. For example, 
carcass fatness, that is normally also related to 
intermuscular fat content (IMF), is usually a 
function of feeding regime and/or duration of 
feeding.  While feeding regime influences the 
FA composition of meat, e.g. grass vs. grain diet 
(2), the duration of feeding may (8) or may not 
(9) increase IMF or total fat.  Furthermore, the 
duration of feeding under different feeding 
regimes may have different effects on 
accumulation of IMF or total fat (8).  
Consequently the nutritional value in relation to 
FA in red meat will depend on the interactions 
among the named factors that will not only 
influence the proportions but also the actual 
amount of these FA that are consumed through 
red meat.   
 
In this study we investigated the effects of 
feeding regime and animal age on muscle fat 
content and muscle FA composition in a 
commercial production and marketing system.  
The samples were sourced from the export 
abattoir of the Meat Corporation of Namibia (Pty, 
Ltd). Meatco classifies carcasses according to 
dentition (permanent incisors, p.i.) into five age 
groups, A (0 p.i.), AB (1 - 2 p.i.), B4 (4 p.i.), B6 
(6 p.i.), C (8 p.i.) (10). Animals of age A and AB 
may originate from pasture or feedlot (grain fed), 
while all other age groups represent pasture fed 
animals.  According to Lawrence et al. (11) 
variation in age among the four groups could be 
<23.8 mo, 23.8 to 30.4 mo, 30.4 to 38 mo, 28 to 
45.3 mo and > 45.3 m for A, AB, B4, B6 and C, 
respectively.  The duration of grass feeding was 
accompanied by seasonal variation in quality and 
quantity of natural pasture. 
 
II. MATERIALS AND METHODS 
 
Seven age (10)/feeding regime groups were used 
namely, grass fed AP, ABP, BP4, BP6, CP and 
grain fed AF and ABF.  Twenty mm slices of the 
M. longissimus (LD) of one side of the carcass 
from 12 animals per age/feeding group were 
sampled, vacuum-packed and stored frozen (-
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20°C) until determination of FA profile and fat 
content. Extraction of lipid from muscle was 
performed according to Folch et al. (12) using 
chloroform and methanol in a ratio of 2:1. Total 
lipids from muscle were converted to methyl 
esters, with sodium methoxide (0.5 M solution in 
anhydrous methanol), during 2 h at 30°C (13). 
Fatty acid methyl esters were quantified, using a 
Varian 430-GC flame ionization GC. Fatty acids 
were quantitatively determined by using 
nonadecanoic acid (C19:0) as internal standard 
and expressed as mg fatty acid/100g muscle. 
Data of all FA were subjected to analysis of 
variance (14). 
 
III. RESULTS AND DISCUSSION 
 
LD of grain fed animals (AF and ABF) 
contained more total lipids than those of grass 
fed animals but duration of grass feeding, or age, 
had no effect on muscle lipid (P<0.001; Table 1).  
In contrast to our study, Warren et al. (9) 
reported higher carcass fat and muscle lipid 
levels in cattle rounded off on grass silage than 
on concentrates. In addition, total lipids 
increased between 14 to 24 months irrespective 
of type of diet.  In our study the difference in age 
between AP and CP cattle could have been up to 
5 years that included seasonal weight loss and 
gain resulting in relatively lean carcasses 
compared to grain fed animals. Grain fed cattle 
were fed on a high energy diet that would have 
increased the muscle fat levels (15). 
 
Feeding regime had a significant effect on FA 
content, while age within feeding regime had 
minimal effects (Table 1, 2, 3).  Neither SFA nor  
 
Table 1 Total lipids and SFA in M. longissimus of 7 
age/feeding regime groups (mg/100 g of muscle). 






SFA 14:0 16:0  18:0 
AF 2.4bc 1061 63c 586 379 
ABF 2.6c 1119 53bc 590 446 
AP 1.7a 792 37ab 414 304 
ABP 1.8ab 659 32a 356 340 
B4 1.8ab 834 40ab 463 295 
B6 1.8ab 864 41ab 489 297 
C8 1.7a 841 36a 432 345 
SEM 0.680 126.4 6.53 63.3 55.1 
a,b,cMeans with different supercripts differ significantly. 
SEM – standard error of mean 
PUFA content differed between grass fed and 
grain fed animals or among age groups of grass 
fed cattle.  Myristic acid (14:0) made a relative 
small contribution to total SFA, but was higher 
in grain fed groups than in grass fed groups 
(P=0.027). Proportional and actual MUFA levels 
were higher in grain fed groups (P=0.002) than 
in grass fed groups.  In support, Smith et al. (16) 
and Shirouchi et al. (17) reported a positive 
relationship between the % MUFA and IMF 
level.  Ntambi et al. (18) ascribe this to the 
elevated levels of enzyme, stearoyl-CoA 
desaturase (SCD), which is responsible for the 
formation of MUFA from SFA.  Therefore SFA 
will not necessarily increase with an increase in 
muscle fat as was reported by Scolan et al. (19) 
who demonstrated a decline in the P:S ratio as a 
result of higher SFA levels when muscle fat 
increased.  Wood et al. (2) reported on various 
studies where the simultaneous effects of age 
and fatness on changes in FA proportions were 
investigated.  However, in all of these studies the 
increase in age was always accompanied by an 
increase in fatness that led to an increase in 
proportions (and probably actual level) of 
MUFA and a decrease in proportions of PUFA. 
 
In our study where the carcass condition and 
IMF level of grass fed cattle remained relatively 
constant among age groups, no significant 
variation in proportions and therefore actual 
levels of MUFA or PUFA were recorded.  It 
therefore seems that the level of fat mainly 
affects SFA, PUFA and MUFA levels rather 
than age or diet.  The latter was confirmed by the 
study of Warren et al. (9) who recorded higher 
proportions and actual levels of MUFA and SFA 
and lower PUFA in muscle of cattle fed grass 
silage compared to those on concentrate.  The 
 
Table 2 MUFA and PUFA in M. longissimus of 7 
age/feeding regime groups (mg/100 g of muscle). 
 







AF 1023b 186 158b 28a 13a 
ABF 1167b 194 168b 26a 14a 
AP   639a 165 106a 60bc 29b 
ABP   654a 186 120a 66bc 30b 
B4   687a 158 103a 56b 33b 
B6   668a 190 123a 66bc 33b 
C8   606a 184 110a 73c 40b 
SEM   107 13.79 9.01 5.77 4.11 
a,b,cMeans with different supercripts differ significantly 
SEM – standard error of mean 
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animals on silage had higher levels of muscle  
lipid than those on concentrates which was in 
contrast to our study.  For both diets the 
proportional and actual levels of PUFA and 
MUFA, respectively decreased and increased as 
the animals became fatter over time.  The lack of 
differences in MUFA, SFA and PUFA, and 
therefore P:S ratio among age groups of grass 
fed cattle, is in contrast to the study of Noci et al. 
(20) who reported a cubic effect of duration of 
grass feeding on P:S ratio with a quadratic 
decline in SFA and linear increase in PUFA over 
158 days.  Despite maintaining similar muscle 
lipid levels over this time as in the present study, 
the actual fat level in the study of Noci et al. (20) 
and the duration of feeding did not correspond 
with the present study where animals were leaner 
and included seasonal effects (over two to 
possibly six years) where animals probably lost 
and gained weight and condition which could 
have expressed itself differently in FA 
composition. 
Grain fed samples recorded higher actual levels 
of n-6 and lower levels and proportions of n-3 
PUFA than samples of grass fed animals. All 
grass fed groups consequently had lower n-6:n-3 
ratios compared to grain fed groups which is 
consistent with other studies (1, 2) and could be 
accounted to the high n-3 content of grass that 
escaped the biohydrogenisation in the rumen.  
As expected, higher n-3 PUFA levels in grass 
fed samples included higher levels and ratios of 
long chain PUFA (LCP = 20:5n-3 + 22:5n-3 + 
22:6n-3) compared to samples of grain fed 
animals.  Age or duration of grass feeding did 
not have an effect on n-3 PUFA, n-6 PUFA or 
LCP values which is in contrast to the study of 
Noci et al. (20) where muscle n-6:n-3 PUFA 
ratio declined due to a cubic increase in n-3 
 
Table 3 Proportions (%) of SFA, MUFA and PUFA 
in M. longissimus of 7 age/feeding regime groups. 
 
 






AF 46.6ab 45.0b   8.4a 7.1 1.3a 0.18 
ABF 45.0a 46.5b   8.6a 7.3 1.3a 0.19 
AP 48.6abc 39.3a 12.1ab 7.7 4.4b 0.26 
ABP 48.1abc 37.7a 14.2b 9.1 5.1b 0.30 
B4 48.9bc 40.4a 10.7ab 6.8 3.9b 0.23 
B6 49.6bc 38.6a 11.8ab 7.7 4.1b 0.24 
C8 51.3c 37.3a 11.4ab 6.8 4.5b 0.23 
SEM 1.316 1.255 1.297 0.825 0.499 0.031 
a,b,cMeans with different supercripts differ significantly 
SEM – standard error of mean 
proportions over time on grazing. 
Despite significant differences in certain FA 
levels between grass and grain fed cattle, the 
effect on nutritional quality of trimmed steaks 
from the various groups should be minimal. In 
the light of the negative image of SFA in meat (3, 
4) our study showed that, despite higher IMF 
levels in samples of grain fed cattle, consumers 
will only ingest marginally more SFA per 
portion compared to grass fed steaks.  Based on 
a 100 g raw steak, the mean values in Table 1 
represent respectively 4.8 and 3.5% of the 23 g 
daily allowance for SFA (21). There is 
convincing evidence that replacing certain SFA 
(C12:0 – C16:0) with PUFA will decrease LDL 
cholesterol (21), while a similar but lesser effect 
is achieved by replacing these SFA with MUFA.  
Samples of grain fed cattle recorded marginally 
higher PUFA (non-significant) but more than 
40% higher levels of MUFA than samples of 
grass fed cattle and this would benefit the intake 
of MUFA. There is no real evidence for the 
existence of a favourable n-6:n-3 PUFA ratio if 
the intake of each are according to recommended 
levels (21). Both types of PUFA, but particularly 
n-3 PUFA have health benefits such as the 
lowering of risk of modern lifestyle diseases but 
particularly coronary heart disease (CHD) that is 
favourably addressed by n-3 PUFA consumption 
(21). Potential intake of n-6 PUFA per portion in 
our study would be 46% higher for steaks of 
grain fed cattle than of grass fed cattle although 
steaks of grass fed cattle will provide three times 
more n-3 PUFA (5% of minimum daily 
requirement based on 100 g raw steak)(21) than 
steaks of grain fed cattle despite the higher total 
muscle fat of the latter groups. Health benefits 
related to regular consumption of LCP are 
increasingly recognized (21).  Howe et al. (22) 
demonstrated the importance of meat as a source 
of LCP and reported that 48% of the 246 mg 
LCP consumed per day by Australian consumers 
comes from meat sources.  In our study, grass 
fed samples will provide more than twice as 
much LCP (33 mg/100 g raw trimmed steak) 
than their grain fed counter parts (13% of 




Under the conditions of this study, duration of 
grass feeding (or age) will not have an effect on 
FA composition.  However, our results confirmed 
previous results that type of diet (grain vs. grass 
will affect FA composition. 
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Abstract – Despite the great nutritional benefits 
associated with meat consumption, there is still 
great controversy over red meat consumption, 
since research shows that its fat intake has been 
related to a higher incidence of cardiovascular 
disease and various types of diseases. Meat 
consumption might be more favorable to human 
health if strategies were applied to reduce the 
content of saturated fatty acids (SFA) and increase 
the concentration of polyunsaturated fatty acids 
(PUFA). Therefore, the objective of this study was 
to assess and describe the profile of fatty acids fats 
in Nellore cattle, using high-resolution gas 
chromatography with flame ionization detector 
(HRGC - FID) from methylation, separation and 
identification of fatty acids by high-resolution gas 
chromatography. The results are consistent with 
the literature and corroborate that more than 
50% of fat in Nellore cattle is composed of 




Concerns with food quality have increased 
among consumers, who, in turn, are interested in 
knowing what they are actually consuming. To 
attend this new market trend, breeders aim to 
produce healthier meats through animal breeding, 
changes in animal nutrition, among others (1). 
 
From a nutritional standpoint, flesh displays 
excellence because it contains proteins of high 
biological value, with all essential amino acids at 
the correct rates required by the human body, it 
is a rich vitamin source, especially the B-
complex, with high mineral content, mainly high 
iron bioavailability (2). However, there is great 
controversy over protein and fatty acid red meat 
consumption, and research shows that meat 
consumption is related to a higher incidence of 
cardiovascular disease and various cancers (3, 
4,5). Saturated fatty acids C14:0 and C16:0 
enrich the lipids of cell membranes, affect the 
normal function of the low density lipoprotein 
(LDL) receptor, and their removal reduces and 
increases their plasma concentration, being 
considered hypercholesterolemic (6). There is an 
increasing concern about fat consumption and its 
relationship to health problems, which has 
caused changes to beef fat composition.  
 
Thus, this study aims to determine, quantify, and 
describe the fatty acids that compose fat of 
Longissimus dorsi muscle of Nellore. 
 
II. MATERIALS AND METHODS 
 
Total lipids extraction 
 
Fat samples were extracted from subsamples of 
the tissue between the 12th and 13th ribs of 
Longissimus dorsi muscle 50 in Nellore cattle, 
according to the methodology described by 
Bligh and Dyer (7). The extracted lipids were 
preserved in an amber bottle in hexane solvent at 
-20ºC. 
 
Methylation of fatty acids 
 
The fatty acids were converted to methyl esters 
of fatty acids using the methodology described 
by Hartman and Lago (8), with adaptations 
based on the AOCS Ce 1b -89 method. 
 
Analysis of fatty acid profiles 
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The fatty acid profile was determined by gas 
chromatography, high-resolution gas 
chromatograph using Shimadzu 2010- Plus 
(Kyoto, Japan) equipped with a fused silica 
capillary column Stabilwax Restek (Bellefonte, 
USA), 30 mx 0.53 mm id x 1.0 microns, and a 
flame ionization detector (FID). The 
chromatographic run showed the following 
temperature program: 180°C/3 min, followed by 
180-210°C at a heating rate of 5°C/min, for 13 
min. The split was 1:20, the linear speed was 36 
cm/s, and the carrier gas was ultrapure nitrogen. 
The fatty acids were identified by comparing the 
retention times of standard commercial mixture 
of Supelco (Mix C8 to C22) of fatty acid methyl 
esters (FAME) with the samples. 
 
The results were expressed as percentage of the 
area linking to each fatty acid and considering 




The atherogenic index was calculated as 
described by Ulbrichit and Southgate (9) from 





C14:0 is the total amount of myristic fatty acid 
in the sample;  
C16:0 is the total amount of palmitic fatty acid 
in the sample; 
MUFA is monounsaturated fatty acids; and 
PUFA is polyunsaturated fatty acids. 
 
Descriptive statistical analysis  
 
Statistical techniques were applied to describe 
and summarize the data set, generating the 
following information:  
- Mean, median, mode;  
- Dispersion measures: variance and standard 
deviation;  
- Position: 1st and 3rd quartiles;  
- Width: minimum and maximum;  
- Asymmetry;  
- Kurtosis. 
 
III. RESULTS AND DISCUSSION 
 
Table 1 shows the descriptive statistics for the 
most common fatty acids in the fats evaluated, 
except for the mode value (most frequent 
number), which was equal to zero for fatty acids 
that were not found in all samples, or that could 
not be calculated for not having repeated or most 
frequent values. 
 
Table 1. Descriptive Statistics of the major fatty acids 
present in fats evaluated 
 
Measure Palmitic Stearic Oleic Linoleic 
Mean 222.256 125.081 440.101 63.872 
Median 224.901 122.174 44.215 63.159 
SD 35.302 16.422 3.794 24.219 
Variance 124.628 26.969 143.948 58.657 
Maximum 272.808 165.678 520.406 127.465 
Minimum 0.738 98.077 340.146 22.361 
1st quartile 215.012 115.182 411.251 45.798 
3rd quartile 236.479 136.557 465.801 79.094 
Kurtosis 286.848 -0.1341 0.0278 -0.1116 
Asymmetry -46.905 0.6397 -0.2139 0.504 
 
SD - standard deviation 
 
Figure 1 shows the average composition of fatty 
acids identified in meat samples.  
 
Fig 1. Average distribution of fatty acids 
1.C10:0, 2. C12:0, 3.C14:0, 4. C14:1, 5. C15:0, 6. C16:0, 
7.C16:1, 8. C17:0, 9. C18:0, 10. C18:1, 11.C18:2, 12. 
C18:3 
 
The tested samples showed, on average, 
39.90% of saturated fatty acids (SFA), 51.26% 
monounsaturated (MUFA) and 8.84% 
polyunsaturated (PUFA).  
The ratio between unsaturated and saturated 
was equal to 1.5 and the ratio of ω3: ω6 
showed values of 1:18, approximately, with an 
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ideal recommendation for daily consumption 
equal to 1:4 ratio found in the Japanese diet, 
according to Ulbricht and Shouthgate (9).  
The proportions of fatty acids are found 
according to the obtained Rossato et al. (6) and 
Pedrão et al (10), who evaluated the lipid 
profile of Longissimus thoracis and 
Rhomboideus of Nellore, respectively. The 
results of these studies presented averages 40-
47% of SFA and 42-55% of MUFA, oleic acid 
was responsible for more than 30% in both 
cases. 
Variations found between these studies may be 
attributed to different muscles, which showed 
average values for fat content equal to 3.39 
g/100g (10) and average approximately 2.2 
g/100g in Rossato et al. (6). Variations are also 
attributed to conditions of animal husbandry. 
The sample analyses show that approximately 
60% of the fat that composes the Nellore 
muscles are unsaturated fatty acids, including 
linolenic acid in approximate 0.35%, which is 
associated to benefits for human health (2). 
Currently, MUFA-rich diets are effective in 
reducing serum cholesterol such as PUFA-rich 
diets, however, contrasting to the omega 6 
effect, MUFA does not reduce HDL levels. 
According Rossato et al (6), polyunsaturated 
long chain fatty acids in the phospholipids are 
associated with muscle cell membranes, whose 
values are little affected by the species, breed, 
age, and nutrition to maintain the membrane 
properties and functions. These fatty acids are 
antiatherogenic by reducing the quantity of 
low-density proteins (LDL) and raise the 
levels of high-density lipoproteins (HDL) (9). 
Ulbrichit and Southgate (9) attribute 
atherogenic effect to 3 fatty acids in the fat, 
lauric (C12: 0) effect, myristic (C14: 0) and 
palmitic (C16: 0), and myristic which has four 
times the atherogenic potential palmitic acid. 
With the thrombogenic effect, these authors 
also report myristic and palmitic fatty acids, 
like stearic (C18: 0), found at high 
concentrations in the bovine fat. It is believed 
that high intake of saturated fatty acids raise 
serum cholesterol and thus increasing the 
occurrence of cardiovascular diseases. 
The atherogenic index was calculated and we 
obtained the average value of 0.5257, higher 
than that found for olive and sunflower oil, 
however, but lower than the rates reported for 




The results show that Nellore fat is composed 
mainly of unsatured fatty acid and the 
atherogenic index has an intermediary level 
compared to other food products. Six hundred 
animals will be analyzed to confirm these data. 
                           
ACKNOWLEDGMENTS 
 
Sao Paulo Research Foundation, FAPESP, for the 
financial support from labor, and the Group of 





1. Bragagnolo, N. (2001). Aspectos 
Comparativos entre carnes segundo a 
composição de ácidos graxos e teor de 
colesterol. In 2ª Conferência Internacional 
Virtual sobre Qualidade de Carne Suína. 
Concórdia, SC, Brasil. 
 
2. Padre, R.G.; Aricetti, J.A.; Moreira, F.B.; 
Mizubuti, I.Y.; Do Padro, I.N.; 
Visentainer, J.V.; De Souza, N.E.; 
Matsushita, M. (2006). Fatty acid profile, 
and chemical composition of Longissimus 
muscle of bovine steers and bulls finished 
in pasture system. Meat Science 74: 242-
248. 
 
3. Krause, M. V.; Mahan, L.K. (2012). 
Alimentos, Nutrição e Dietiterapia. Roca 
LTDA. 
 
4. Roussell, M.A.; Hill, A.M.; Gaugler, T.L. 
West, S.G.; Heuvel, J.P.V., Alaupovic, P.; 
Gillies, P.J.; Kris-Etherton, P.M. (2012). 
Beef in a optimal lean diet study: effects 
on lipids, lipoproteins, and 
apolopoproteins. Am J Clin Nutr, 12:.9-
16. 
 
5. Saatchi, M.; Garrick, D.J.; Tait JR, R.G.; 
Mayes, M.S.; Drewnoski, M.; 
Schoonmaker, J.; Diaz, C.; Beitz, D.C.; 
Reecy, J.M. (2013). Genome-wide 
association and prediction of direct 
genomic breeding values for composition 
                       341
60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta del Este, Uruguay 
 
of fatty acids in Angus beef cattle. BMC 
Genomics 14: 1-15. 
 
6. Rossato, L.V.; 
Bressan, M.C.; Rodrigues, E.C.; Da 
Gama, L.T.; Bessa, R.J.B.; Alvez, S.P.A. 
(2010). Parâmetros físico-químicos e 
perfil de ácidos graxos da carne de 
bovinos Angus e Nelore terminados em 
pastagem. Revista Brasileira de Zootecnia 
39:1127-1134. 
 
7. Bligh, E.G.; Dyer, W.J. (1959). A rapid 
method of total lipid extract and 
purification. Canadan Journal of 
Biochemistry and Physiology 37: 911-
917. 
 
8. Hartman, L.; Lago, R. (1973). Rapid 
preparation of fatty methyl esters from 
lipid. Laboratory Practice 22: 475-476. 
 
9. Ulbricht, T.L.V.; 
Southgate, D.A.T. (1991). Coronary heart 
disease: seven dietary factores. The Lancet 
338: 985-992. 
10. Pedrão, M.R.; Coró, F.A.G.; Youssef, 
E.Y.; Kato, T.; Shimokomaki, M. (2012). 
Fatty acid profile of humpback muscle 
(Rhomboideusm.) from zebu breed 




                       342
60th International Congress of Meat Science and Technology, 17-22nd August 2014, Punta Del Este, Uruguay 
 
 
IMPACT OF THE DIET ON NUTRITIONAL COMPOSITION OF 
CHAROLAIS X NELORE CROSS STEERS OF BRASIL 
 
A. Biolatto1*, A. Callegaro2, J. S. Vittone1, M. Lado1, I. Brondani2, D. Borchate2, J. M. 
Cocco2, S. Adams2, J. Klein2, A. F. Moura2 
1 Estación Experimental Agropecuaria Concepción del Uruguay, Instituto Nacional de Tecnología Agropecuaria 
(INTA), Ruta 39 km 143.5, 3260 Concepción del Uruguay, Entre Ríos, Argentina 
2 Centro de Ciências Rurais, Universidade Federal de Santa Maria, Ministério da Educação, Avenida Roraima, 1000 - 
Camobi, Santa Maria - RS, 97105-900, Brasil. 
*biolatto.andrea@inta.gob.ar 
 
Abstract – Fatty acid composition of the 
Longissimus dorsi muscle of 32 steers of Charolais 
x Nelore cross 20 months old fed with: (SBH) 
Soybean hulls plus protein nucleus, (WOG) White 
Oats grain plus protein nucleus, (SBH+WOG) A 
mixture with a protein concentrate basis and 
equal percent of soybean hulls and oat grains, 
were evaluated. On average, beef from SBH - fed 
steers presented higher concentration of all 
saturated fatty acids compared to WOG and 
SBH+WOG diets. Conversely, beef from SBH - 
fed steers had higher total MUFA content than 
beef from WOG and SBH+WOG - fed steers. Beef 
from soybean hulls – fed steers presented higher 
concentration of components that are considered 
beneficial to human health, such as n-3 PUFA, and 





In most developed countries, meat is a staple 
food in human diet and contributes 
substantially to protein, fat, vitamins and 
minerals intake. For this reason, meat lipids 
are an important source of fatty acids in the 
human diet. The fatty acid composition of 
dietary fat is of great importance in human 
nutrition and health (1, 2).  
Recommendations to improve beef fatty acid 
(FA) content and composition are based on 
scientific evidence indicating the positive and 
negative effects of fat and fatty acid 
consumption. The FAs, specifically myristic 
acid (14:0) and 16:0 are typically among the 
most concentrated fatty acid in meat and have 
been associated with cardiovascular disease 
(CVD), colorectal cancer and type 2 diabetes 
(3). Polyunsaturated FAs on the other hand, 
particularly n-3 PUFA such as α-linolenic acid 
(ALA), eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), have been 
reported to have positive effects on human 
health including the potential to reduce the 
CVD risk, Alzheimer disease, atherosclerosis, 
obesity, type II diabetes, osteoporosis, dry eye 
syndrome (3), and depression in adolescents 
with eating disorders (Swenne, Rosling, 
Tengblad, & Vessby, 2011). The c-
monounsaturated fatty acids (MUFAs) may 
also have beneficial health effects including 
hypocholesterolemic, anti-thrombotic and anti-
hypertensive properties (4). There is also 
evidence that some trans fatty acid isomers 
can have positive health effects, and be 
enriched in beef. Vaccenic acid (t11-18:1; VA) 
may have positive health effects either 
independently (Field, Blewett, Proctor, & Vine, 
2009) or by Δ-9 desaturation to rumenic acid 
(c9,t11-18:2, RA, the main natural isomer of 
conjugated linoleic acid (CLA)) which has 
purported anti-carcinogenic, anti-diabetic, 
cardio-protective, antitherogenic, anti-
inflammatory and positive immune 
modulatory properties (5). Consequently, there 
has been an effort to produce livestock with 
enhanced fatty acid profiles that are conducive 
to human health.  The object of this research 
work was to investigate the effect of feeding 
on the fatty acid composition of M. 
longissimus dorsi (LD) from beef steers.  
 
 
II. MATERIALS AND METHODS 
 
II.1 Animals and experimental design 
 
This research work was done between June 
and November of 2011 in the Beef Lab of the 
Animal Science Department of the Santa 
María University located in Santa Maria on 
Rio Grande do Sul, Brasil. Its geographic 
location is 29° 43' S, 53° 42' W and 95 m 
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altitude, in the Depressão Central of Rio 
Grande do Sul State, Brazil. 
The experimental animals were 32 steers of 
Charolais x Nellore cross 20 months old and 
275,09 kg average weight, supplied by the 
experimental herd of the Beef Cattle Lab. 
Finishing was done in feedlot with 12m2  
paved individual boxes with feeders to supply 
feed. 
Steers were assigned to three different feeding 
100% concentrate treatments with a protein 
nucleus and a calcium supply. 
Feeding treatments were designed according to 
NRC (6) and an estimated intake of 2.54 
kg/100kg liveweight with isonitrogen diets, as 
follow: (SBH) Soybean hulls plus protein 
nucleus, (WOG) White Oats grain plus protein 
nucleus, (SBH+WOG) A mixture with a 
protein concentrate basis and equal percent of 
soybean hulls and oat grains. 
During the experimental period the animals 
were fed twice a day: 8 a.m. and 2 p.m. Before 
refeeding, the day before residual feed was 
collected, weighed and recorded in order to 
estimate intake. 
Voluntary intake was recorded daily weighing 
the feed supply and the day before remaining. 
Feed supply was designed to be 50 or 100 g/kg 
over voluntary intake (7) and was adjusted to 
the intake of the day before.  
When the animals attained the weight to be 
processed (based on carcass weight) were sent 
to the packing house after 92 days of the 
experimental period for the mixture of white 
oats and 109 days in those fed soybean hulls. 
The animals were sent to the commercial 
packing house and were processed according 
the RIISPOA (Brazilian rules) and killing out 
packing house routine. After de killing out 
process the carcasses were cut by halves (right 
and left carcasses) and weighed. The cold 
carcass weight was obtained after of 24 h 
refrigeration and yield was estimated in 
relation to the killing weight. In the right half 
carcass the Longissimus dorsi was cut between 
the 12th and 13th ribs in order to obtain the so 
called “Section HH” according the 
methodology suggested by Hankins et al. (8) 
and adapted by Muller et al. (9) in order to 
obtain de Longissimus dorsi muscle. 
The sample obtained from the Longissimus 
dorsi muscle was identified and frozen for the 
the fatty acid profile to be analized in the 
INTA-EEA Concepción del Uruguay Animal 
Science Lab. 
 
II.2 Analytical procedures 
Carcasses were refrigerated in commercial 
chambers with forced air circulation (0 ± 2 °C) 
during 24 h. Steaks of Longissimus dorsi muscle 
at 12th rib were taken from each treatment, 
carefully dissected and used for chemical 
analysis. All samples were stored at -20°C until 
analysis were performed.  
 
II.2.1. Fatty acid analysis 
Meat samples were cut into 1.5 mm rectangular 
strips with a razor blade and processed in wet 
state by the direct FAME synthesis method 
according to O’ Fallon et al. (10).  The FAME 
were separated by gas-chromatography using a 
PerkinElmer Clarus 680 model equipped with a 
flame ionization detector and an CombiPal 
automatic injection system using a HP-88 for 
FAME capillary column (100 m x 0.25 mm i.d., 
0.25 m film thickness). The FAME preparation 
was injected in the split mode with a split ratio 
of 1:65. Nitrogen was used as the carrier gas 
with a 1.0 mL/min flow rate. Injector and 
detector were kept at constant temperatures of 
250 °C and 270 °C, respectively. The column 
oven temperature was increased at 4 °C/min of 
80 °C to 220 °C and held for 5 min, increased to 
240 °C at 2 °C/min and held for 10 min. 
Identification was achieved by comparing the 
retention time of unknown FAME with those of 
known FAME standard mix (37 FAME, Supelco 
Inc., Bellefonte, PA, United States). CLA was 
determined using a standard consisting of a 
mixture of cis- and trans-9,11- and -10,12-
octadecadienoic acid methyl esters (O5632 
Sigma). Quantitative analysis of FAME was 
based on undecanoic acid as internal standard. 
 
III. RESULTS AND DISCUSSION 
 
Beef lipids are not generally regarded as a 
healthy component of the human diet. There are 
concerns about its relatively high concentrations 
of hypercholesterolemic, saturated fatty acids 
(SFA) and low concentration of 
hypocholesterolemic polyunsaturated fatty acids 
(PUFA).   
All saturated fatty acids, in general, showed 
higher values in beef from SBH – feed steers 
compared to WOG and SBH+WOG (Table 1). 
Myristic acid (C14:0), a hipercholesterolemic 
and thrombogenic fatty acid presented a higher 
value for SBH compared to WOG, but similar 
when contrasted with WOG+SBH. Palmitic acid 
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(C16:0), another hipercholesterolemic and 
thrombogenic fatty acid showed higher amount 
in beef from SBH – feed steers compared to the 
other diets.  
Table 1. Fatty acid profile of Longissimus dorsi 
muscle of Charolais x Nelore cross steers according 
to different diets, in mg/100 g of identified FAME 
(mean ± s.e.). 

































































































aCLA: conjugated linoleic acid. 
bSFA = C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + 
C22:0. 
cMUFA = C14:1 + C16:1 + C18:1 n-9 cis + C20:1 + C22:1 
n-9 
dPUFA = C18:2 n-6 cis + C18:3 n-6 + C18:3 n-3 + cis-9, 
trans-11 CLA + C20:2 + C22:2 + C22:6 n-3. 
e n-6 = C18:2 n-6 cis + C18:3 n-6. 
f n-3 = C18:3 n-3 + C22:6 n-3. 
 
The PUFA and MUFA fractions are generally 
considered beneficial to human health (11). The 
present study shows that beef from SBH - fed 
steers had higher MUFA total amounts than beef 
from WOG and SBH+WOG - fed steers. 
However, the different diets studied evidenced 
similar PUFA level. 
The last years, have seen a growing interest in n-
3 PUFA prompted by increasing evidence that 
these PUFA elicit a wide range of nutritional 
benefits in the human body.  Beef from SBH–fed 
steers contained higher amount of n-3 PUFA 
than the other diets.  
The n-6/n-3 PUFA ratio is an important index to 
evaluate the nutritional value of fat. According 
to the World Health Organization (2) it should 
be lower than four in human diet.  
Even though the n-6/n-3 PUFA ratio was higher 
that the recommended value by WHO, steers fed 
with soyben hulls had a better n-6/n-3 PUFA 




This study indicates that diet is an important 
factor that affects the fatty acid profile of beef. 
From a nutritional point of view, beef from 
SBH-fed steers seems to be more healthful 
than beef obtained from the WOG and 
SBH+WOG diets because of its lower n-6/n-3 
ratio, although this ratio is above the 
recommended value for human diet. The 
contribution of beef to dietary intake of SFA, 
MUFA and PUFA is an important issue to 
consumers and consequently the meat industry.  
Further research should be driving at in order 
to improve beef nutritional quality, very 
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Abstract – In Germany, fat from meat products, 
mainly sausage, represents a big part of the total 
fat consumption and therefore information on fat 
composition is needed. Fatty acid distribution was 
investigated in backfat of a total of 70 pig 
carcasses, from fattening pigs vs. breeding sows, 
and in fat from 46 sausages, specified into Salami-
type, Bologna-type and cooked sausages. Fattening 
pigs` backfat represented a higher percentage of 
SFA and a lower percentage of PUFA (41 and 11-
14%) than sows` backfat (35 and 21%). At similar 
composition of the fat in the three studied sausage 
groups, the sausage fat agreed also with that of the 
backfat in less meaty fattening pigs. The present 
results correspond to the few data of the food 
tables, with exception of overestimated alpha-
linolenic acid (ALA), an omega 3 PUFA, in these 
tables. Rapeseed press cake (RPC) has a high 
content of oil representing much of MUFA and 
relatively low and moderate percentages of linoleic 
acid (LA) and ALA. In pig feeding trials RPC 
increased the PUFA in backfat moderately with 
improvement of LA:ALA relation and this could 
be a challenge to improve the pig fat from a 




In Germany, fat from meat products, mainly 
sausage, represents roughly a quarter of the 
total fat consumption (1). In nutrition, fat 
quality means fatty acid (FA) distribution and 
a possibly high percentage of the polyunsatu-
rated fatty acids (PUFA), particularly, these of 
the omega-3-type (also n-3-type). In addition, 
the monounsaturated fatty acids (MUFA) are 
favourable from nutritional point of view. 
Regarding the technological quality, the PUFA 
do not seem desirable because they accele-
rate fat oxidation and impair the storability of 
certain meat products, e.g. dry-cured salami 
and ham.  
Objectives of the present study were to 
compare FA distribution of backfat from pig 
carcasses with fat from sausages of a typical 
German assortment. Carcasses should be 
specified according to category (fattening 
pigs) and sows, in addition, the fattening pigs 
to the carcass grade in the EUROP grading 
system, whereby grade E corresponds to very 
meaty, grade P to very fat. The sausage fat 
should be compared with the food tables (2) 
and recommendations of Societies of Nutrition 
Germany, Austria, Switzerland, DACH (3). 
On the other side, the findings should be 
discussed in relation to the results of German 
pig feeding experiments with application of 
the nutritionally favourable rapeseed oil (RO) 
via rapeseed press cake (RPC).  
 
II. MATERIALS AND METHODS 
 
The 50-100 g backfat samples originated from 
a total of 70 pigs taken from the left carcass 
half at the last rib level. The 4 pig groups 
slaughtered in the abattoirs Jena and Altenburg 
represented 8 breeding sows (Deutsches 
Edelschwein, DE, X Landrace, LR) 27 fatte-
ning pigs (22 grade E, 5 grade U), 21 fattening 
pigs from a quality programme for dry-cured 
hams (grade E) and 2 X 7 fattening pigs for 
comparison grade E und R, all fattening pig 
crossbreeds from Pietrain X (DE X LR). 
Sausage fat samples originated from 23 
Salami-type sausages, 9 Bologna-type sausa-
ges and 14 cooked sausages. The lipid fraction 
from backfat was won by microwave heating, 
from lyophilized finely ground sausage 
samples by extraction with 2:1 v/v 
hexane/acetone. After methylation with 
sodium methylate the FA were determined by 
gas liquid chromatography (Varian Star 3400 
CX, Varian, Inc., 30 m fused silica capillary 
column BPX 70, temperature programme 130 
to 240 °C, 3 °C per min, flame ionization 
detector). As standard a FA mix C 4-C 24 was 
used (Methylester: F.A.M.E. Mix, C4-C24 
Unsaturates, 18919-1AMP, Sigma-Aldrich). 
The oxidation stabilität was measured by 
accelerated fat stability test in the Rancimat 
743 (Metrohm AG, Filderstadt, Germany). 
Hereby, the induction time marks a plateau 
phase up to the onset of cleavage of the FA 
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into the sensorily active short chain 
compounds which characterize the fat 
deterioration. The data from the pig categories 
and sausage groups were subjected to 
ANOVA and Student-Newman-Keuls’ test 
(SPSS Inc,Chicago, IL, USA). 
 
III. RESULTS AND DISCUSSION 
 
Fatty acids and stability of pig backfat  
The backfat of sows contained about one sixth 
less SFA than that of fattening pigs (Table 1).  
 
Table 1: Carcass weight, back fat thickness and 
selected fatty acids (FA), FA groups and induction 
time of the backfat in fattening pigs (n=27) and 
sows (n=8), mean ± SD. FA are related to totally 
detected FA. Except of MUFA and induction time 
significance of all differences (P<0,05). 
 
 
Fattening pigs  
preferably grade E  




86,9 ± 6,3 163,8 ± 5,3 
Back fat 
thickness, mm 
13,5 ± 2,7 18,6 ± 8,0 
Palmitic acid 
(16:0), % 
24,8 ± 1,8 21,4 ± 1,3 
Stearic acid 
(18:0), % 
13,8 ± 1,9 11,4 ± 1,6 
Oleic acid 
(18:1), % 
40,5 ± 3,7 39,9 ± 2,1 
Linoleic acid 
(18:2), % 
11,6 ± 2,1 17,9 ± 2,0 
alpha-linolenic 
acid (18:3), % 
1,10 ± 0,23 1,56 ± 0,26 
 SFA, % 41,2 ± 3,3 34,8 ± 2,7 
 MUFA, % 44,0 ± 4,0 43,2 ± 2,4 
 PUFA, % 13,8 ± 2,4 21,3 ± 2,2 
Relation n-6/n-3 11,1 ± 1,7 12,0 ± 1,2 
Induction time, h 14,7 ± 4,5 13,0 ± 2,1 
Abbreviations: SFA - saturated fatty acids, MUFA - 
monounsaturated FA, PUFA - polyunsaturated FA 
 
At similar MUFA percentage in the fat of both 
pig categories, the sows showed a PUFA 
percentage by 1/3 higher than in fattening pigs. 
The ratio of linoleic acid, LA (the main 
representative of n-6 PUFA) to alpha linolenic 
acid, ALA (the main representative of n-3 
PUFA) was roughly 10:1, which is far from 
5:1 recommended for prevention of coronary 
heart disease by DACH (3). 
 
The induction time of the sow backfat with 
higher PUFA level was numerically lower than 
in fattening pigs´ backfat. Backfat composition 
of 21 carcasses from the quality programme 
(only grade E) is not shown because it did not 
differ from the normal segment of fattening pigs 
(Table 1). 
In the comparison of carcasses from pigs with 
different muscle/adipose tissue formation (Table 
2) the more meaty pigs (grade E) had a lower 
SFA and higher PUFA percentage than the less 
meaty pigs (grade P). Leaner pigs synthesise less 
SFA, preferably 16:0 and 18:0, and also MUFA 
- the stearic acid (18:0) is desaturated to oleic 
acid (18:1) by ∆9 desaturase. SFA and MUFA 
created by de novo synthesis represent the body 
own fat part contrasting with the PUFA - 
indispensable, due to lacking synthesis 
capability of the organism and provided 
exogenously by the feed. Therefore body fat 
PUFA amount is fixed by the dietary  
 
Table 2: Carcass weight, back fat thickness and 
selected fatty acids (FA)/ FA groups of the backfat 
in more or less meaty fattening pigs (FA related to 
totally detected FA, n=7, mean ± SD) 
 
Grade in EUROP 
grading 
 
Grade E  Grade R 
Carcass weight, 
kg 
89.8± 6.6 88,9± 0.9 
Back fat 
thickness, mm 
11.7*± 3.1 25,7± 3.4 
Palmitic acid 
(16:0), % 
24.4 ± 0.9 24.6 ± 1.0 
Stearic acid 
(18:0), % 
11.2± 0.6 12.3 ± 1.6 
Oleic acid 
(18:1), % 
42.3± 0.9 43.7 ± 1.7 
Linoleic acid 
(18:2), % 
11.8 ± 0.6 10.0*± 0.7 
alpha-linolenic 
acid (18:3), % 
1.23 ± 0.04 1.05*± 0.11 
 SFA, % 39.0± 0.9 40.1 ± 2.5 
 MUFA, % 46.6 ± 0.7 47.8 ± 2.0 
 PUFA, % 13.7 ± 0.7 11.6*± 0.8 
Relation n-6/n-3 9.7± 0.6 9.6 ± 0.6 
Induction time, h 13.2± 2.4 13.2 ± 2.2 
*significant difference (P< 0,05)  
For abbreviations see Table 1, footnote! 
 
PUFA amount. However, in FA distribution 
PUFA percentage varies due to the level of 
body-own fat part, e.g. in less meaty pigs 
(carcass grade P) high de novo synthesis of SFA 
and MUFA means much of body fat which 
„dilutes“ more the PUFA resulting in lower 
PUFA backfat percentage (4). 
 
Fatty acids of the sausage fat  
The fat of the three studied sausage groups 
(Salami-type, Bologna-type and cooked sausa-
ges) showed a similar composition (not shown). 
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The SFA, MUFA and PUFA percentages of 
sausage fat (Table 3) agreed with that of the 
backfat in fattening pigs with carcass grade P 
(Table 2). Indeed, for sausage less meaty pigs 
are preferred which explains the sausage PUFA 
percentage roughly by a quarter lower than in 
the backfat PUFA of more meaty pigs (grade E, 
Tables 1 and 2). The presented results 
correspond with the few data which are available 
in the food tables (2), with exception of the too 
high contents of ALA in the tables (Table 3). 
 
Table 3: Selected fatty acids (FA) and FA groups in 
sausages bought in Thuringia - own results (mean ± 
SD) in comparison with German Food Tables (2). 
The investigated 23 Salami-type sausages, 9 
Bologna-type sausages and 14 cooked sausages had 











25.6  ± 0.9 23.8 - 25.6  
Stearic acid 
(18:0), % 
12.8  ± 1.0 12.6 - 13.6 
Oleic acid 
(18:1), % 
43.9  ± 1.4 43.8 – 46.9 
Linoleic acid 
(18:2), % 
9.0  ± 1.7 7.6 – 11.3  
alpha-linolenic 
acid (18:3), % 
0.70 ± 0.19 0.76 – 1.74 
 SFA, % 41.1  ± 1.8 38.5 - 45.2 
 MUFA, % 48.3  ± 1.7 46.4 – 49.5 
 PUFA, % 10.6 ± 2.0 8.3 - 12,2 
Relation n-6/n-3 13.2 ± 2.5 6 - 10 
For abbreviations see Table 1, footnote! 
 
The induction time of the sausage fat ranged 
from a quarter of an hour up to just under an 
hour (not shown). In a former laboratory 
experiment with sausages produced only with 
salt and with curing salt, the nitrite variants 
showed a significant shorter induction time (5). 
 
PUFA in pig backfat due to feeding rapeseed 
press cake (RPC) 
In a monitoring of 23 RPC from 10 decentral 
Thuringian and Hessian oilmills a mean fat 
content of 142 g/kg dry matter was analysed 
(range 106 – 173 g/kg dry matter) compared 
with only a quarter of this fat content in 
rapeseed meal, solvent extracted (RSM) 
produced in larger oilmills (6).  
In Germany, in the last decade, RPC was 
tested in three pig experiments (7, 8, 9). RPC 
is an excellent protein and lysine source and 
weight gains reached 760 (7), 870 (8) and 985 
(9) g per day with good to excellent feed to 
gain ratios of 3.1 (7) and 2.8 (8, 9) kg feed per 
kg weight gain. RO has a high content of LA 
(18:2) – ca. 20% of total FA - and ALA – ca. 
9% of total FA. The tested pig diets with at 
least 7.5 % RPC concentrated significantly the 
PUFA in the body fat (Tab. 4). There are 
differences in the RO effect on the backfat 
 
Table 4: Polyunsaturated fatty acids (PUFA) in the 
backfat of pigs in three feeding trials with rapeseed 
press cake (RPC)  
 
ab Different indices in the same column segment 
characterize significant differences. 
 
PUFA between the trials – each 10 g RO 
equivalents/kg feed increased backfat PUFA 
percentage by 1% in the two newer 
experiments (8, 9) and 2% in the former 
experiment (7). RPC and RO, respectively, 
improved the n-6 to n-3 PUFA ratio - from 8:1 
(control) at 7:1 in ref. 7 and from 14:1 
(control) at 10:1 in ref. 8 (in ref. 9 n-6 and n-3 
PUFA are not given separately). 
 
As previously mentioned, a fat with higher 
PUFA percentage is nutritionally-physio-
logically favourable, but not so oxidation 
stable and storable. (This statement should not 
be questioned by the less sensitive induction 
time in the comparison of backfat from 
fattening pigs vs. sows, highly different in 
PUFA.) However, the German meat product 
consumption of 30 kg per capita and year (10) 
is dominated by Bologna-type and cooked 
sausages and boiled ham with their short shelf 
life, chilled, in the range of less than one week 
up to 2 weeks. In general, these freshly 
consumed meat products and also a big part of 
raw sausage and ham – soft, because not or 
fast ripening – are not subject to a risk of fat 
deterioration. Fat oxidation would start only 
Ref. 




RPC % in the 
grower/finisher diet and 
rapeseed oil- 
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after microbial induced rapid spoilage, this 
would mean and not relevant for quality, 
several weeks after the shelf life date. 
Therefore, pig fattening for the typical German 
sausage assortment with short shelf life should 
focus on optimization for human nutrition. The 
production of longer storable meat products, 
e.g. dry-cured salami, or ham, which requires a 
harder pig fat, should be considered in special 
quality programmes. Here, an upper PUFA 
content in backfat could be set at 15%. In pig 
diets, a grain and grain by-products´ part of 
more than two third creates a basic PUFA 
level via the grain fat from 7 to 15 g PUFA/kg 
diet resulting in a baseline for backfat PUFA 
of 8-11%, without plant oil addition to the diet. 
Therefore, in the mentioned quality 
programmes a level of 20 g RO equivalents/kg 




PUFA percentages in the range of 11 or 14% 
in carcass fat of less or more meaty fattening 
pigs and roughly 10% in the sausage point to a 
satisfying fat quality. More than 20% PUFA in 
sow backfat was surprisingly high. The present 
results of softer sow fat may not explain 
preferences of several processors for sow-raw 
material in producing dry-cured sausage. 
Other factors influencing the suitability of sow 
meat for longer storable meat products should 
be investigated. For the majority of meat 
products on German plates, intended for fresh 
consumption and characterized by a short shelf 
life, the fat should be optimized in accordance 
with the nutrition recommendations. This 
implies for the pig-fat deposits a higher 
percentage of omega 3 PUFA and so an  
improvement of n-6:n-3 PUFA ratio at 
significantly less than 10:1. This task could be 
solved by feeding RO and RPC, respectively, 
which are not only valuable energy carriers for 
the immense performance during fattening, but 
also with much of MUFA and relatively low 
and moderate percentages of LA and ALA 
they may support the production of a healthy 
pig and sausage fat.  
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Abstract – Organic and natural beef are gaining 
popularity in Canada; however, their nutritional 
profiles have not been evaluated at retail. Fatty 
acid (FA) profiles of beef from conventional 
(Conv), organic and natural grain (O-Grain, N-
Grain), and organic and natural grass-based (O-
Grass, N-Grass) production systems were 
compared.  Total fat in Conv and N-Grain beef 
was greater than other systems (P<0.001). This 
did not affect proportions of saturated FA, but 
proportions of polyunsaturated FA (PUFA) were 
greater and cis-monounsaturated FA (c-MUFA) 
reduced in O-Grass and N-Grass compared to 
Conv and N-Grain beef (P<0.05). Omega-3 (n-3) 
FA were over three times greater for O-Grain, 
O-Grass, and N-Grass beef than Conv and N-
Grain beef (P<0.001), whereas omega-6 (n-6) 
were similar, resulting in n-6/n-3 ratios <4:1 vs. 
~9:1. Proportions of PUFA biohydrogenation 
products with potential health benefits (i.e. 
trans-11-18:1 and cis-9,trans-11 conjugated 
linoleic acid) were greatest in O-Grass and 
lowest in Conv beef (P<0.05). Overall, the 
healthfulness of FA profiles of O-Grass and N-
Grass beef was judged to be superior to Conv 
and N-Grain beef. O-Grain beef, however, is also 
worthy of consideration given its intermediate 
FA profile and potential for improved animal 





Grain-based diets, typical of those used in 
conventional Canadian beef production, yield 
well-marbled meat. However, such diets also 
result in less healthful fatty acid (FA) profiles, 
including low polyunsaturated FA (PUFA) 
content and high omega-6/omega-3 (n-6/n-3) 
ratios (1). A recent survey of Canadian retail 
beef (1) also noted diets high in barley grain 
enhance t10-18:1 content, a biohydrogenation 
intermediate (BI) with potential atherogenic 
effects (2). Consumers are increasingly aware 
of the link between diet and health, and are 
increasingly more conscientious of fat and 
fatty acid intake. Health recommendations call 
for reduced overall fat and higher n-3 PUFA 
intake. Lean beef can contribute positively as 
red meat represents an alternative source of 
daily n-3 long-chain (LC, ≥20carbon) PUFA 
intake in many cultures (3).  
 
Canadian beef producers are responding to 
demands for healthier, more wholesome beef 
as evidenced by an increased prevalence of 
niche market organic and natural grain- and 
grass-fed beef available at retail. Organic 
products are well recognized by consumers, 
but their price can be a deterrent and consumer 
focus is often on pharmaceutical inputs such as 
growth promotants and antibiotics. Strict 
guidelines govern organic beef production, 
including the use of organic feeds, which 
ultimately poses a challenge in sourcing 
affordable feed supplies and contributes to the 
premium demanded for organic products. 
“Natural” is a relatively newer label claim, in 
principle reflecting adherence to similar 
guidelines as organic production regarding 
growth promotant and antibiotic use, but non-
organic feeds can be used, which tends to have 
appeal to the average consumer. There is very 
little data reported on fatty acid profiles of 
niche market retail beef in Canada, and the 
objectives of the present study were to source 
and analyze fatty acid profiles in lean meat 
collected from ribeye steaks produced using 
conventional, organic and natural grain-fed, 
and organic and natural grass-fed production 
systems.  
 
II. MATERIALS AND METHODS 
 
Retail samples 
Ribeye steaks were purchased from multiple 
grocery stores throughout Western Canada 
offering conventional as well as niche market 
organic and natural grain- and grass-fed beef. 
Multiple steaks (3 to 4) sold under different 
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retail labels representing different individual 
farms were purchased at each store and 
grouped according to production practice. Beef 
from Canadian conventional (Conv, n = 23, 
retail $26/kg) production systems are typically 
fed diets exceeding 85% barley during the 
finishing period. Certified organic beef 
systems require the use of certified feeds, 
consisting of 100% forage for organic grass 
(O-Grass, n = 22, retail $45/kg), whereas 
organic grain (O-Grain, n = 24, retail $52/kg) 
can include up to 40% grain (4). Feeding 
regulations for natural grass (N-Grass, n = 24, 
retail $38/kg) and natural grain (N-Grain, n = 
23, retail $38/kg) are not defined; however, 
they are assumed to be similar to organic 
guidelines.  
 
Fatty acid analysis 
Visible fat was dissected from ribeye steaks, 
and total lipids were extracted from lean 
muscle by a modified Folch procedure (1) and 
methylated using base (sodium methoxide) and 
then acid (methanolic HCl) catalysts. Fatty 
acid methyl esters (FAME) were analyzed by 
gas chromatography using a 100 m column and 
a temperature program with a 175 ºC plateau 
as described by Kramer et al. (5). A separate 
analysis was conducted for separation of major 
conjugated linoleic acid (CLA) isomers (t7,c9-
CLA and c9,t11-CLA), using a 30 m SLB-111 
highly polar column (6). Peaks were identified 
by comparison to commercial reference 
standards (Nu-Chek Prep, Inc., MN, USA) and 
published elution orders (5).  
 
Statistical analysis 
The data was analyzed as a one-way ANOVA 
using the PROC MIXED procedure of SAS 
v9.2 (Statistical Analysis System, NC, USA). 
The retail farm label was used as a random 
factor. Means and standard error are reported 
and differences judged as significant when 
P<0.05. 
 
III. RESULTS AND DISSCUSSION 
 
Total fat content (mg/g of muscle) was greater 
for Conv and N-Grain beef compared to O-
Grain, N-Grass, and O-Grass (P<0.001, Table 
1). Proportion of polyunsaturated fatty acids 
(PUFA) were greater for O-Grass and N-Grass 
compared to Conv or N-Grain beef, whereas 
proportions in O-Grain beef were intermediate 
(P<0.01, Table 1). Production system did not 
affect the proportions of total n-6 or 18:2n-6, 
but higher proportions of 20:4n-6 were found 
in O-Grass and N-Grass compared to Conv or 
N-Grain beef, whereas proportions in O-Grain 
beef were again intermediate (P<0.05). Diet 
strongly affected proportions of 18:3n-3, with 
O-Grain, O-Grass, and N-Grass beef all having 
two- to three-fold greater concentrations 
compared to Conv or N-Grain beef (P<0.001, 
Fig. 1). Clearly, feeding high forage-to-
concentrate ratio diets increased 18:3n-3 intake 
and in turn enhanced proportions of 18:3n-3 in 
beef. Diet effects on 18:3n-3 extended to its 
LC-PUFA derivatives, with 20:5n-3, 22:5n-3, 
and 22:6n-3 proportions enhanced by feeding 
forage (P<0.01, Fig. 1). The n-6/n-3 ratio was 
also superior (i.e. lower than the recommended 
ratio of 4:1) in O-Grain, O-Grass, and N-Grass 
beef, whereas the ratio was close to 9:1 for 
Conv and N-Grain beef (P<0.001). Close 
resemblance in PUFA profiles between N-
Grain and Conv meat suggested a similarly 
high proportion of grain was fed to these cattle. 
Moderate grain feeding, as with O-Grain 
practices (i.e. >60% forage diet), likely 
enhanced the proportion of n-3 FA in meat, 
resulting in an n-6/n-3 ratio similar to O-Grass 
and N-Grass beef. Regular consumption of 
meat with a low n-6/n-3 ratio can enhance 
blood n-3 LC-PUFA, which may have 
important long-term health implications such 
as reducing the risk of developing 
cardiovascular disease (7). Given the low 
intake of marine n-3 PUFAs in many cultures, 
regular consumption of beef fed high forage-
to-concentrate ratios would be a positive step 
towards increasing LC-PUFA intake to offset 
the high n-6/n-3 ratio typical of Western diets 
(3).  
 
Trans-MUFAs (t-MUFA) accounted for the 
majority of BI in beef, but total t-MUFA 
proportions did not differ between production 
systems. Proportions of individual t-MUFA 
isomers were, however, different between 
systems, with t11-18:1 being greatest for O-
Grass and lowest for Conv beef (P<0.001, 
Table 1). In contrast, grain feeding increased 
t10-18:1 proportions, being greatest for Conv 
and lowest for O- and N-Grass (P<0.01). In 
ruminant tissue, t11-18:1 is generally assumed 
to be the most prominent t-MUFA; however, 
diets with increased contents of rapidly 
fermentable starch shift biohydrogenation 
pathways, making t10-18:1 the predominant 
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BI. Our findings concur with the t11- to t10-
18:1 shift recently documented in a survey of 
Canadian retail beef (1). This shift has 
important implications for the content of 
c9,t11-CLA, as most c9,t11-CLA is 
synthesized endogenously from t11-18:1 via 
stearoyl-CoA desaturase (SCD). As such, the 
proportion of c9,t11-CLA in O-Grain, O-Grass, 
and N-Grass meat was two to three times 
greater than Conv meat (P<0.001). Enhanced 
t11-18:1 and c9,t11-CLA content is considered 
desirable, owing to their purported health 
benefits in animal models (1-2).  
 
The proportion of cis-monounsaturated FA (c-
MUFA), consisting predominantly of c9-18:1, 
was greater in Conv and N-Grain meat 
compared to O-Grass and N-Grass meat, while 
O-Grain was intermediate (P<0.05, Table 1). 
Increased endogenous fat synthesis (i.e. 
marbling), typical of high energy grain-based 
diets, is correlated with the up-regulation of 
SCD expression and conversion of 18:0 to c9-
18:1 (8). Alternatively, c-MUFA synthesis 
tends to be lower for forage-based diets due to 
a combination of greater 18:3n-3 intake and 
deposition inhibiting SCD expression as well 
as restricted endogenous fat synthesis 
associated with lower energy diets  (8). The 
proportion of saturated FA (SFA), comprised 
mainly of 16:0 and 18:0 as a result of 
endogenous fat synthesis and extensive 
biohydrogenation of dietary PUFA, did not 




Overall, beef produced using O-Grass and N-
Grass production systems had nearly 
indistinguishable and superior FA profiles, 
having the greatest proportions of total PUFA, 
n-3 FA, healthy BI, and the lowest n-6/n-3 
ratios. O-Grain produced beef is, however, also 
worthy of consideration given its intermediate 
fatty acid profile and potential advantages in 
terms of animal performance and overall meat 
quality. Present production practices suggest 
no health advantages of N-Grain vs. Conv 
meat, yet there is the potential to improve the 
FA profile by adopting feeding guidelines 
similar to O-Grain production practices. 
 
 
Table 1 Fatty acid profile (% FAME) of ribeye muscle from beef reared under conventional feedlot feeding 
compared to niche market organic and natural grain, and organic and natural grass feeding systems. 
 
  Conv O-Grain  N-Grain O-Grass   N-Grass s.e.m. P value 
mg/g muscle 84.5a 54.5b 84.9a 31.9b 38.6b 7.9 <0.001 
PUFA 4.7b 5.8ab 4.2b 7.0a 7.0a 0.60 <0.01 
n-6 4.1 4.1 3.6 4.6 4.8 0.40 
 18:2n-6 3.1 2.8 2.6 3.0 3.3 0.30 
 20:4n-6 0.6
b 0.8ab 0.6b 1.0a 1.1a 0.12 <0.05 
n-3 0.6c 1.7b 0.5c 2.5a 2.2ab 0.23 <0.001 
n-6/n-3 8.9a 3.3b 8.9a 1.9b 2.5b 1.30 <0.001 
t-MUFA 2.4 3.0 2.8 3.5 3.0 0.40 
 t10-18:1 0.99
a 0.50bc 0.77ab 0.18c 0.17c 0.17 <0.01 
t11-18:1 0.7d 1.5bc 1.0cd 2.3a 1.9ab 0.22 <0.001 
c9,t11-CLA 0.12d 0.28b 0.14cd 0.38a 0.23bc 0.03 <0.001 
c-MUFA 44.1a 41.2ab 43.5a 39.2b 39.0b 1.30 <0.05 
c9-18:1 36.3a 34.7ab 36.5a 32.7b 32.9b 1.00 <0.05 
SFA 46.8 47.3 47.6 47.1 47.7 0.80 
 16:0 27.9 26.5 27.1 26.6 26.0 0.50 
 18:0 14.0 16.3 15.8 16.0 17.2 0.80  
s.e.m.-standard error of the mean; significance (P<0.05) indicated by letter a-d. 
PUFA = n-6 + n-3; n-6 = 18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6; n-3 = 18:3n-3 + 20:3n-3 + 20:5n-3 + 22:5n-3 + 22:6n-3; t-
MUFA = t9-18:1 + t10-18:1 + t11-18:1 + t12-18:1 + t13/t14-18:1 + t16-18:1; c-MUFA = c9-14:1 + c9-16:1 + c9-18:1 + c11-
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Fig. 1. Proportions of n-3 fatty acids (% total FAME) from beef fed under conventional feedlot, organic grain, 
natural grain, organic grass, or natural grass production systems. Means (± s.e.m.) with significance (P<0.05) 
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Abstract – The effects of animal age, feeding 
regime and beta – agonists on the intramuscular fat 
(IMF) content and fatty acid composition of M. 
longissimus thoracis (LT) were studied. Fifteen 
grain fed Bonsmara steers of A – age (0-tooth) 
supplemented with beta – agonist (zilpaterol) (AZ) 
and 15 grain fed without zilpaterol (AC) 
represented the grain fed groups. Twenty grass fed 
Bonsmara steers of AB – age (1 – 2 teeth) and 20 of 
B – age (3 – 6 teeth) were used. Grain feeding 
increased IMF percentages (p< 0.001) and linoleic 
acid (C18:2n – 6) (p<0.001) compared to pasture 
feeding. Beta – agonists had no effect on fatty acid 
profile of LT. Pasture feeding significantly 
(p<0.001) increased the percentages of  linolenic 
acid (C18:3), CLA (C18:2 cis-9, trans11) and 
saturated phytanic acid (3,7,11,15 tetramethyl 
hexadecanoic acid).  IMF levels did not change with 
increased age within pasture groups and only  
linolenic acid (C18:3) content decreased 
significantly (p < 0.001) with increased animal age 




In South Africa beef is classified according to 
the age of the animal determined by dentition. 
A – age is younger animal (0 tooth) mostly 
found in feedlots, while AB – and B – ages are 
older animals (1 – 2 and 3 – 6 teeth, 
respectively) (1), and are normally grown on 
pasture.  Research has shown that meat quality 
traits of these two feeding regimes or 
production systems differ (2). Feeding regime 
influences fat content of beef, hence fatty acid 
composition, and ultimately meat quality of 
fresh meat (3). In the same way, animal age 
influences fat content of the animal. For 
example, fattening occurs as a normal part of 
growth of an animal.  Depending on the supply 
of nutrients, older animals bear more fat tissue 
than younger animals (4). The review of Wood 
et al. (5) also indicated that as the fat content of 
the animal and meat increases from early life to 
time of slaughter, the proportions of fatty acids 
(FAs) also change.  
 
Most studies compared the effect of pasture 
feeding and grain feeding on fat content and FA 
composition of beef (4, 5, 6). Few studies 
reported on the effects of growth promotents on 
FA profiles, particularly beta – agonists in 
interaction with feeding regime. 
 
The objective of this study was therefore to 
compare the influence of feeding regime, beta – 
agonists and animal age at slaughter on IMF and 
FA composition of beef steaks from older steers 
raised on pasture and younger grain fed steers 
supplemented with zilpaterol 
 
II. MATERIALS AND METHODS 
 
Twenty each of AB – and B – age Bonsmara 
steers were purchased from a commercial farmer 
and represented the two pasture fed groups.  
Thirty weaner steers which presented the A – age 
group were grain fed under commercial feedlot 
conditions for approximately 110 days.  Fifteen 
steers were supplemented with beta – agonist 
(zilpaterol) (AZ) for the final 30 days with 2 days 
withdrawal. The remaining fifteen received no 
zilpaterol, and were used as the control group 
(AC). All animals were slaughtered at optimum 
market condition with a subcutaneous fat 
thickness of ≈ 5mm over the loin at the last rib 
and electrically stimulated (1).  
Extraction of total lipid from the M. longissimus 
thoracis muscle (LT) was performed 
quantitatively, according to Folch et al. (7). FA 
analysis was performed with gas chromatography 
according to the methods of Park et al. (8) and 
Cilliard et al. (9).  
 
Differences between the four treatments were 
determined by analysis of variance (ANOVA) 
and the Tukey – Kramer multiple comparison 
test (α =0.05) was used to determine 
differences between treatment means (10).  
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III. RESULTS AND DISCUSSION 
 
The effect of production system, age 
classification and beta – agonists on IMF 
content and FA profiles of LT muscle are 
shown in (Table 1). Feeding regime had a 
significant (p< 0.001) effect on IMF content. 
Grain feeding increased IMF percentages 
significantly (p< 0.001) when compared to 
pasture raised animals in agreement with the 
study of Faucitano et al.  (11). Although not 
statistically significant the AC group had higher 
IMF content than AZ group. The lower IMF of 
grass fed and beta – agonist supplemented 
animals is most likely due to animal physiology. 
Scollan, et al. (3) have shown that the IMF 
content at the beginning of the finishing period 
is mainly explained by the number of 
preadipocytes which depends on genetic and 
nutritional factors. At the cellular level, this 
may be due to increased levels of anabolic 
hormones (insulin) which stimulates 
lipogenesis and/or to a preference of marbling 
adipocytes for carbohydrate carbon to 
synthesise FAs unlike adipocytes of other fat 
depots. 
 
Age at slaughter did not affect IMF of the 
pasture raised steers.  Schönfeldt, et al. (12) 
also found no significant differences in muscle 
fat content among A, B and C – age classes 
from raw cuts of beef sourced from the 
commercial South African market when their 
carcass fat levels were similar.  This  could 
probably be explained by adipocytes 
physiology. It has been indicated that 
advancing age does not influence all stem cells 
with adipogenetic potential. Germ stem line 
cells and some of the expression of the 
transcriptional factors essential for 
adipogenesis may decline in older animals, as a 
result older animals may be less able to support 
adipogenesis even if they have genetic 
predisposition to fatness (13). 
 
Grain feeding increased myristic acid (C14:0) 
in LT muscle significantly (p < 0.001) 
compared to pasture feeding while palmitic 
acid (C16:0) and margaric acid (C17:0) were 
significantly (p < 0.001) lower in feedlot LT 
muscle compared to pasture LT muscle. 
Production system had no effect on stearic acid 
(C18:0) of LT muscle.  
 
Phytanic acid was significantly (p < 0.001) 
influenced by production system with higher 
phytanic acid levels observed in LT muscle of 
pasture fed  animals compared to grain fed 
animals. Phytanic acid is a saturated branched 
FA (3,7,11,15 tetramethylhexadecanoic acid) 
which is synthesised from phytol, cleaved from 
chlorophyll (14). Percentage of phytanic acid 
was ± 0.7 % of total FAs in the LT muscle of 
pasture fed animals compared to ± 0.3 % of 
total FAs in the grain fed animals. Young, et al. 
(14) reported that phytanic acid have health 
improving properties and occur at levels around 
0.3 % in  organic beef fat. 
 
Individual polyunsaturated FAs (PUFAs) were 
significantly affected by feeding regime. 
Pasture feeding significantly (p< 0.001) 
increased percentages of C18:3 cis 9 and C18: 
2 cis 9  trans 11 (CLA), when compared to 
grain feeding. Faucitano et al. (11) reported 
similar increases of these FAs in the LT of 
steers. Grain feeding increased linoleic acid 
(C18:2n – 6 cis 9) significantly (p<0.001) in LT 
muscle when compared to pasture feeding. This 
effect was more pronounced with beta – 
agonists showing a numerically higher linoleic 
acid level than the control grain fed group. This 
is contradictory to the findings of Webb & 
Casey (15) who observed a shift towards a 
more SFA profile in the LT muscles of animals 
receiving beta – agonists. 
 
Age within pasture affected C18:3 significantly 
(p < 0.001). The  linolenic acid (C18:3) 
content decreased significantly (p < 0.001) with 
increased animal age. SFAs (C14:0), (C16:0) 
tended to be higher in B – age group when 
compared to AB – age group. The C18:2 was 
also slightly higher in AB – age group than in 
the B – age group. This tendency is in 
agreement with the results of Schönfeldt et al. 
(12) who reported increased C16:0 with 
increasing animal age while C18:2 decreased 
with increasing animal age. 
 
FA ratios are shown in Table 2. Finishing 
ruminants on pasture significantly (p < 0.001) 
decreased the n – 6/n – 3 ratio in muscle fat to a 
value of less than 2. This ratio was more than 
13 in the LT muscle of grain fed animals. The 
lower n – 6:n –3 ratio was due to  significantly 
(p<0.001) higher n – 3 in the LT muscle of 
pasture fed animals when compared to grain 
fed animals. Furthermore, the n – 6 ratio also 
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showed slighly higher values in grain fed 
animals compared to pasture fed animals in 
agreement with the findings of Enser et al. (16). 
 
The P/S ratio, atherogenicity index and 
desaturase index was not significantly 
influenced by feeding regime or age within 
pasture feeding, however AB pasture had the 
highest P/S ratio, followed by the grain fed AZ, 
with AC showing the lowest P/S ratio. In beef 
P/S ratio is mainly determined by level of 





Our results confirm findings of previous studies 
that type of diet influences FA composition of 
beef that may have health benefits. In particular 
higher ratios of certain PUFA (linoleic acid, 
CLA and alpha – linolenic acid) but also of the 
branched chain SFA, phytanic acid, were found 
in loins of pasture fed animals.  Furthermore, 
animal age will have a minimal effect on FA 
composition of meat from pasture animals if 
IMF content is the same.  The FA composition 
of meat from grain fed cattle is generally not 
influenced by the use of beta agonists except 
for a tendency towards higher n – 6 PUFA in 
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Table 1: Effect of production system and age on intramuscular fat content and fatty acid profiles of LD muscle 
(Tukey-Kramer Multiple comparison test) 
 
Means with different superscripts in the same row differ significantly 
 
Feeding regime Pasture Grain fed Sign. level 
Age/beta agonist treatment AB B A: Control A: zilpaterol  
%Fat 1.73 a 1.93 a 3.29 b 2.81 b p < 0.001 
FAME (% of total fatty acids) 
C14:0 2.29 a 2.80 ab 3.17 b 3.28 b p = 0.001 
C16:0 31.8 bc 32.8 c 30.6 ab 29.8 a p < 0.001 
C17:0 0.94b 0.95b 0.64a 0.64 a p < 0.001 
C18:0 16.5 15.7  17.2 16.9  p = 0.100 
C18:1c9 33.1  33.2  34.6  33.3  p = 0.388 
C18:2c9,12 (n-6) 3.94 a 3.40 a 5.87 b 7.23 b p < 0.001 
3,7,11,15 tetramethylhexadecanoic acid  0.66 b 0.71b 0.30a 0.36 a p < 0.001 
C18:3c9,12,15 (n-3) 1.32c 1.09b 0.16a 0.24a p < 0.001 
C18:2c9,t11 (CLA) (n-6) 0.19 b 0.21b 0.02a 0.03a p < 0.001 
 
Table 2: Effect of production system and age on intramuscular fat content and fatty acid profiles of LD 
 muscle (Tukey-Kramer Multiple comparison test) 
 
Means with different superscripts in the same row differ significantly 
 
Feeding regime        Pasture Grain fed Sign. level 
Age/beta agonist treatment AB B A: Control A:zilpaterol  
Fatty acid ratios: 
    
 
Total SFA 52.5  53.4  52.0  51.1  p = 0.254 
Total MUFA 37.8 a 38.8 ab 40.6 b 40.0 ab p < 0.039 
Total PUFA 9.7  7.9  7.4  8.9  p = 0.252 
Total (n-6) 5.9 ab 4.9 a 6.8 ab 8.2 b p < 0.017 
Total (n-3) 3.54 c 2.72 b 0.55 a 0.68 a p < 0.001 
PUFA:SFA 0.19  0.15  0.15  0.17  p = 0.390 
n-6/n-3 1.64 a 1.90 a 16.47 b 13.53 b p < 0.001 
Atherogenicity Index 0.87  0.95  0.91 0.88  p = 0.317 
Desaturase Index 2.05  2.14  2.04  1.99  p  = 0.614 
. 
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Abstract – Studies comparing the effects of 
different finishing systems on beef quality 
characteristics suggest that finishing systems 
produce mixed findings on beef chemical 
composition. This study analyzed the fatty acid 
composition of steaks from one-hundred and 
seventy six crossbred young bulls and heifers 
finished on pasture or in the feedlot. Feedlot 
finishing increased steak fat content (29.7%) 
compared to pasture (23.9%) and heifers had 
more fat content than bulls. There were no 
differences in saturated fatty acids (SFA) when 
production system or sire breed were considered. 
However SFA was higher for bulls than heifers 
(48.7% vs. 47.2%). Both finishing systems resulted 
in a greater percentage of trans (t) 11-18:1 than 
t10-18:1, and pasture finished had more of both 
isomers than feedlot. The main natural isomer of 
CLA (cis (c)9, t11-18:2) was affected by a finishing 
system*gender interaction and the highest 
percentage was found in heifers finished on 
pasture (0.53%). Overall, breed and gender had 
little influence on beef fatty acid composition, 
which was more influenced by diet. Both feedlot 
and pasture finished beef had ‘healthy’ trans fatty 
acid profiles, and percentages of trans isomers and 
the main natural isomer of CLA were highest on 
pasture, with preferential accumulation of CLA in 





Brazil is one of the largest exporters of beef in 
the world and to maintain and achieve new 
markets it is necessary to produce high quality 
meat. In Brazil, beef cattle are normally pasture-
finished, but feedlot-finishing is becoming 
popular. Results of the studies comparing the 
influences of the different finishing systems on 
beef quality characteristics suggest that forage 
versus feedlot finishing of beef produces mixed 
findings on beef textural characteristics, 
chemical composition, and palatability attributes 
[1]. There is also some controversy regarding the 
trans (t) fatty acid profile of forage versus 
feedlot finishing [2]. Concentrate finishing can 
at times yield increased t10-18:1 which may be 
grouped with industrially produced trans fats 
that carry a greater cardiovascular disease 
(CVD) risk. Forage finishing, however, 
generally yields more cis (c)9,t11-CLA and it’s 
precursor t11-18:1 which both may have positive 
health effects on a number of disease from CVD 
to cancer [3]. The aim of the present study was 
to determine to what extent beef fatty acid 
profiles might be influenced by production 
systems used in Brazil in a comprehensive study 
taking into consideration sire breed, gender, and 
finishing system (i.e. pasture versus feedlot).  
 
 
II. MATERIALS AND METHODS 
 
Beef from one hundred and seventy six young 
bulls and heifers, produced in two consecutive 
years, offspring of Angus or Limousin bulls and 
½ Angus + ½ Nellore or ½ Simmental + ½ 
Nellore cows from Embrapa Southeast Livestock, 
Sao Carlos, SP, Brazil were evaluated. These 
animals were arranged in production systems 
described by Tullio et al. [4]. After weaning at 8 
months, half of the animals were finished in the 
feedlot (4.5 months), receiving the diets as a 
total mixed rations (Table 1), and slaughtered 
with 419 kg. The other half grazed pasture for 10 
months and slaughtered at 450 kg. Animals were 
shipped the day before slaughter to a commercial 
abattoir and held overnight with access to water. 
Carcasses were chilled overnight at 2°C. At 24 h 
post mortem, carcass were knife ribbed between 
the 12 and 13th ribs, and a 1 cm loin steak was 
removed for fatty acid analyses. 
From the loin steaks, the longissimus thoracis 
were cut in small pieces and lyophilized (Liotop, 
model L108 Liobras, São Carlos, Brazil). 
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Table 1. Diet composition (% dry matter) 
 
Diet 1 Diet 2 S1 S2 
Corn silage 68.0 50.0   
Ground corn grain 12.0 32.8 48.0 65.0 
Wheat meal 3.5 8.0 20.0  
Soybean meal 15.0 7.0 20.0 13.0 
Limestone 0.5 0.7 4.0  
Mineral supplement 1.0 1.0 5.0 2.0 
Urea 
 







S1 = supplement in dry period; S2 = supplement in wet 
period. 
 
After lyophilization, samples were ground with 
liquid nitrogen in an analytical mill (model IKA 
A11 basic, Jank & Kunke GmbH & CO. KG, 
Staufen, Germany), labelled, individually 
vacuum packaged and placed in a cooler at -
20oC until fat extraction. Intramuscular lipids 
were extracted from the lyophilized meat 
samples with chloroform:methanol mixture [5] 
Extracts were methylated using 5% methanolic 
HCl, and to correct for conjugated linoleic acid 
(CLA) isomerization, separate methylations with 
0.5 N sodium methoxide were conducted [6]. 
Fatty acid methyl esters (FAME) were analyzed 
using GC (acid and basic methylations) [7]. Data 
were analyzed using the Mixed procedure of 
SAS and the model included production system, 
gender, sire and dam breed, and their 
interactions with total fat as a covariate, and 
year*system interaction as random factor. As the 
effect of dam breed was not significant, it was 
taken out the model. Significance was reported 
at P<0.05.  
 
 
III. RESULTS AND DISCUSSION 
 
Fat content was higher in supplement (S2) 
(98.4%) than on forage (10.1%) in the wet 
season. In the forage, α-linolenic acid (C18:3n-
3) was the most abundant fatty acid with 56.9% 
of total fatty acids, followed by linoleic acid 
(C18:2n-6) and palmitic acid (C16:0). In diet 1, 
diet 2, supplement (S2) in the wet season, and 
corn silage, linoleic acid was the most abundant 
fatty acid with 49.8%, 49.8%, 47.2%, and 43.2% 
of total fatty acids, respectively, followed by c9-
18:1 and C16:0.  
Intramuscular fat content was higher in feedlot 
(29.70%) vs. pasture (23.86%) finished beef.  A 
gender by sire breed interaction was also found 
for intramuscular fat with heifer offspring of 
Angus bulls having greater fat content (3.82%) 
than heifer offspring of Limousin bulls (2.66%) 
whereas fat content for bull offspring was not 
different (p>0.05) with 2.13% and 1.90%, for  
Angus and Limousin, respectively.  
The results of effects of finishing system, gender 
and sire breed on longissimus thoracis muscle 
total fatty acid methyl esters are shown in Table 
2. There were no differences in saturated fatty 
acids (SFA) when finishing system or sire breed 
were considered. However the percentage of 
SFA were higher for bulls vs. heifers (48.7% vs. 
47.2%) and this was mainly due to a higher 
proportion of 18:0 in bulls. These results are 
consistent with a previous report [8], 
nevertheless they found a significant difference 
between animals finished on pasture (4.91%) 
and in the feedlot (4.67%).   The total trans 18:1 
content was higher for animals finished on 
pasture (5.59%) than animals finished in the 
feedlot (1.70%). Likewise, bulls showed higher 
trans 18:1 than heifers (3.85% vs. 3.45%, 
respectively). No effects of sire breed were 
found for trans 18:1    Laheska et al. [9], found 
similar total trans 18:1 for grass fed animals  
(6.62%) but feedlot finished animals had more 
than the present study (5.32%). 
Table 2. Effects of Production System, Gender and 
Bull on longissimus thoracis muscle total fatty acid 
methyl esters (%). 
  Effects s 
 
System Gender Bull e 
  Feed Past F M AN LI  
SFA 47.6 48.3 47.2b 48.7a 48.2 47.7 0.298 
c-MUFA1 44.4 33.9 41.0 37.3 39.0 39.2 0.296 
t10-18:1 0.19b 0.87a 0.50 0.56 0.53 0.53 0.020 
t11-18:1 0.73b 2.87a 1.71b 1.89a 1.75 1.85 0.039 
t-18:1 1.70b 5.59a 3.45b 3.85a 3.59 3.70 0.079 
c9,t11-CLA1 0.22 0.48 0.37 0.32 0.34 0.36 0.008 
PUFA1 6.14 11.71 8.00 9.85 8.87 8.98 0.259 
PUFA/SFA1 0.13 0.24 0.17 0.20 0.19 0.19 0.006 
1Production System*Gender interaction significant 
(p<0.05); a,bMeans in the same row, inside of the effect, 
with different superscripts are significantly different 
(P<0.05); Feed = feedlot; Past = pasture; se = standard 
error; F = female; M = male; AN = Angus; LI = Limousin; 
SFA = saturated fatty acid; c-MUFA = cis 
monounsaturated fatty acids; c,t-CLA =conjugated linoleic 
acid; PUFA = polyunsaturated fatty acid. 
 
Looking at the trans-18:1 isomers, we were 
particularly interested in the t10-18:1 and t11-
18:1 contents. Results from experiments in the 
USA and Canada have shown high t10-18:1 to 
t11-18:1 ratios in feedlot finished beef [9, 11]. 
Feedlot finishing in the present experiment, 
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however, resulted in lower t10-18:1 content than 
t11-18:1 when finished on pasture or in the 
feedlot.  This difference is probably due to 
different types of feed, with Brazilian diets 
having a lower proportion of concentrate, and 
lower rates of fermentation which can positively 
affect the trans 18:1 profile. In the present 
experiment, a gender effect was also detected 
with bulls having a higher percentage of trans 
11-18:1 (1.89%) than females (1.71%), but 
contents of t10-18:1 were similar (0.56 vs. 
0.50%, respectively). No effect of sire breed was, 
however, found (p>0.05).  
The percentages of cis monounsaturated fatty 
acids (c-MUFA), c9,t11-CLA, polyunsaturated 
fatty acid (PUFA) and the PUFA/SFA ratio were 
affected by production system*gender 
interactions (Table 3). The percentage c-MUFA 
was higher for animals finished in the feedlot 
than animals on pasture and heifers had higher c-
MUFA than bulls in both systems (45.2 vs. 
43.6%, and 38.3 vs. 31.0%, for feedlot and 
pasture, respectively). Aldai et al. [1010], found 
higher contents of c-MUFA in animals finished 
in the feedlot (28.4%) than those finished on 
pasture (22.4%). However these results were 
lower than in the present study.  
The main natural isomer of CLA (cis(c)9,t11-
18:2) was affected by a finishing system*gender 
interaction and the highest percentage was found 
in heifers finished on pasture (0.53%). 
The percentage of c9,t11-CLA was not different 
between genders in the feedlot (0.22%) but on 
pasture, heifers had a higher percentage (0.53%) 
than bulls (0.43%). This is in contrast to another 
report [10] where c/t-CLA when finishing on 
pasture were the same as when finishing in the 
feedlot.  
 
Table 3. Result of Production System*Gender 
interaction for different fatty acids (%). 
System Feedlot Pasture 
se 
Gender F M F M 
c-MUFA 45.16a 43.57b 36.83c 30.97d 0.46 
c9,t11-CLA2 0.22c 0.22c 0.53a 0.43b 0.012 
PUFA 6.03c 6.26c 9.97b 13.44a 0.39 
PUFA/SFA 0.13c 0.13c 0.21b 0.28a 0.010 
a,bMeans in the same row with different superscripts are 
significantly different (p<0.05); F = female; M= male; se = 
standard error; c-MUFA = cis monounsaturated fatty 
acids; c,t-CLA = conjugated linoleic acid; PUFA = 
polyunsaturated fatty acid; SFA = saturated fatty acid. 
 
 
Animals finished on pasture vs. feedlot had 
higher percentages of PUFA, and with pasture 
finished animals bulls had a greater PUFA 
percentage (13.4%) than heifers (9.97%), 
whereas during feedlot finishing there was no 
gender effect. Overall, percentages of PUFA 
were also higher than other reports [8, 11].  
The PUFA/SFA ratio was not different for 
bulls vs. heifers finished in the feedlot (0.13); 
however, ratios were lower than those of 
animals finished on pasture, where bulls had a 
higher (0.28) PUFA/SFA ratio than heifers 
(0.21). Nevertheless the results were still lower 
than the minimum (0.4) recommended for 





Sire and dam breeds had only limited effects on 
fatty acid profiles. The type of finishing systems 
used in the present experiment had no 
detrimental effects on the trans fatty acid profile 
of beef, with both pasture and feedlot finishing 
resulting in more t11-18:1 than t10-18:1. Meat 
from animals finished on pasture vs. feedlot did, 
however, have a greater percentage of t11-18:1, 
and heifers and bulls finished on pasture had the 
greatest c9,t11-CLA, and PUFA respectively. 
Brazilian beef produced using both finishing 
systems may, therefore, have potential to meet 
market demands for healthy trans fatty acid 
profiles, with healthier overall fatty acid profiles 
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Abstract - Research has established that too 
much sodium is being consumed as sodium 
chloride or table salt. With the focus on 
meat products and pork in particular, the 
possible effects of sodium reduction on the 
microbial, chemical and sensory properties 
of a pork banger-style sausage was 
investigated. Reducing the amount of table 
salt normally added to a pork sausage, to 
either one of two possible maximum target 
levels or completely excluding any addition 
of salt, had negative effects on product 
quality and shelf-life. This initial research 
established that suitable analogues to salt 
need to be investigated over strategies that 
simply aim to remove salt without 
maintaining its functional and sensory 




Consumers, now more than ever before, are 
aware of the relationship between sodium (Na) 
intake and hypertension. This situation in part, 
is responsible for the increase in demand for 
meat products with reduced Na content. In 
recent decades the increased consumption of 
processed foods containing high levels of salt 
has changed the public’s perception of dietary 
salt. It is now considered a potential health 
threat (1). In terms of the human diet, it is 
widely accepted that table salt i.e. sodium 
chloride (NaCl), is the main source of Na (2). 
There is a progressive increase in the blood 
pressure levels of individuals and increasing 
prevalence of age-associated hypertension 
across populations which appear to be directly 
correlated to Na intake (3). As many as 1 in 4 
adults worldwide is thought to suffer from 
hypertension (4) and the average South 
African urinary sodium (Na) excretion was 
found to be in excess of 2400 mg Na/day (5). 
In sharp contrast to these findings, the 
physiological need for sodium was found to be 
approximately 90 mg Na/day and the latest 
recommendation of the World Health 
organization (WHO) is that no more than 2000 
mg Na/day should be consumed (6). 
Discretionary salt use is a bigger problem in 
South Africa than in other, more affluent 
Westernized countries (7). The South African 
Government through the Department of Health 
(DoH) published a draft of regulations on the 
20th of March 2013 limiting the use of Na in 
food products. Under this new draft “raw-
processed meat sausages (all types) and similar 
products” may not contain more than 800 mg 
Na/100 g by the 30th of June 2016 and no more 
than 600 mg Na/100 g by the 30th of June 2019 
(8). These regulations may contribute to 
improving the health of the average South 
African and may possibly help to lighten the 
strain on an already overburdened public 
health system. 
The aim of this study was to evaluate the 
possible effects of decreasing NaCl levels on 
the microbial, chemical and sensory quality of 
a typical South African fresh pork sausage. 
 
II. MATERIALS AND METHODS 
 
Preparation of sausage models 
Four batches of pork sausages were formulated 
and manufactured to each contain one of four 
possible final Na levels (Table 1). The first 
batch contained 0% added NaCl as the 
negative control, the second batch contained 
1% added NaCl to comply with the 2019 Na 
target level, the third batch contained 1.5% 
added NaCl to comply with the 2016 Na target 
level and the fourth batch contained 2% NaCl 
as the current usage level. Henceforth the 
treatment groups were respectively only 
referred to as 0% NaCl added, 1% NaCl 
added, 1.5% NaCl added and 2% NaCl added. 
After manufacturing the sausages were 
individually placed in expanded polystyrene 
(EPS) trays, over-wrapped with polyvinyl 
chloride (PVC) film and stored either at 4°C 
under retail refrigeration-type fluorescent 
lighting for fresh product shelf-life 
determination, or at -18°C for frozen product  
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Table 1 The formulation, Na and NaCl content of 
the four batches of pork sausages. 
 
Contents  Treatment Group 









(< 600 mg 
Na/100 g) 
2016 target 




Pork 90/10 (g) 1420.22 1395.22 1382.72 1370.22 
Backfat (g) 562.50 562.50 562.50 562.50 
Ice water (g) 375.00 375.00 375.00 375.00 
Rusk (g) 87.50 87.50 87.50 87.50 
Starch (g) 20.00 20.00 20.00 20.00 
Spices (g) 34.78 34.78 34.78 34.78 
NaCl (g) 0.00 25.00 34.78 50.00 
Total (g) 2500.00 2500.00 2500.00 2500.00 
% Ash* 1.23a 2.35b 3.03c 3.51d 
% NaCl/100 g 
(Volhard)* 
0.36a 1.26b 1.70c 2.17d 
mg Na/100 g 
(AAS)* 
316.82a 619.85b 748.35c 927.07d 
*Significance level = p < 0.001 
 
lipid stability determination. 
 
The sausages were manufactured in three 
separate rounds with an interval of one month 
between rounds during which the sausages 
from the previous round were analysed. The 
intervals were used as a way of negating any 
possible effect from raw material variation, 
especially the highest mass raw materials, the 
meat and backfat. A fourth round of sausages 




The fresh product shelf-life sampling was done 
on days 0, 3, 6 and 9 and the frozen product 
lipid stability sampling was done on days 0, 90 
and 180. For microbial and chemical analyses, 
four sausages for each one of the four 
treatment groups were sampled on the above 
mentioned days, while those destined for 




Microbial analyses for total bacterial counts 
(TBC) were performed according to Harrigan 
(9). The NaCl content was determined by the 
Volhard method of titration (10) and Na 
content was determined using Atomic 
Absorption Spectrometry (AAS) (Varian 
Spectra 3000 spectrometer). Thiobarbituric 
acid reactive substances (TBARS) were 
determined quantitatively as indicator of the 
level of secondary oxidation product formation 
(11). Sensory evaluation was carried out using 
a 75-member consumer panel. A nine-point 
hedonic scale ranging from 1 for dislike 
extremely up to 9 for like extremely was used 
to score taste, texture, saltiness and overall 
liking as attributes. Samples were encoded 
with a randomized, 3-digit code unique to each 
sample to prevent the development of bias by 
the consumers. Diluted apple juice was used as 
a palate cleanser between each sample.  
 
Statistical analyses 
The research was carried out as a 4 x 3 
factorial design representing four salt level 
treatments with three replicates per treatment. 
An analysis of variance (ANOVA) procedure 
was used for the determination of differences 
between the different treatments. The Tukey-
Kramer multiple comparison test was used to 
identify differences between the treatment 
means.  
 
III. RESULTS AND DISCUSSION 
 
A stepwise increase in the percentage of 
NaCl/100 g product as determined by the 
Volhard method was found (Table 1). This 
was reflected in both the increase in 
percentage ash as well as the increase in the 
actual amount of Na/100 g as determined by 
AAS. The actual amount of Na/100 g product 
of the 1% NaCl added group and 1.5% NaCl 
added group were close to the 2019 target of 
600 mg Na/100 g product and the 2016 target 
of 800 mg Na/100 g product, respectively. At 
316.82 mg Na/100 g product, the 0% NaCl 
added group contained almost half the amount 
of Na of the 2019 target and at 927.07 mg 
Na/100 g product the 2% NaCl added group 
(current usage level) contained significantly (p 
< 0.001) more Na than the first reduction 
target of 2016. 
No immediate effect of different NaCl 
contents on the TBC were seen as illustrated 
by the results of Day 0 (Fig. 1). A significant 
difference (p < 0.05) was found after Day 3 
between the 2% NaCl added group and the 0% 
NaCl added group. This difference remained 
constant even as the TBC of all four treatment 
groups increased. After Day 9 the significance 
(p < 0.001) was more pronounced as the 2% 
NaCl added group experienced a slight decline 
in TBC compared to the slight increase in TBC 
experienced by the three other treatment 
groups. Although the amount of Na needed to 
inhibit microbial growth varies according to a 
number of factors (12), it is clear that NaCl  
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Figure 1 Total bacterial counts after 9 days storage 
at 4°C. 
 
concentration plays a major role in microbial 
control.  
 
The 75-member consumer panel consistently 
scored the 0% NaCl added group significantly 
(p < 0.001) lower than the other three 
treatment groups for all four of the chosen 
sensory attributes (Fig. 2). Consumers were 
able to detect and indicate the negative effect 
that low NaCl content has on the texture of a 
meat product. Furthermore, they were able to 
distinguish between the 2%, 1% and 0% NaCl 
added groups in terms of saltiness with a 
preference for the highest NaCl containing 





Figure 2 Scores of the four treatment groups for 
each of the four selected sensory attributes. 
 
Salt has been reported as being pro-oxidative 
at inclusion levels of between 0.5-2.5% (13) 
causing damage to lipids which in turn 
negatively affects food quality (14).The 
TBARS of all four treatment groups were 
below the sensory threshold of 1 mg 
malonaldehyde/kg of sample (15) on day 0 
(Fig. 3). From the results after 90 and 180 days 
it became clear that secondary oxidation could 
be correlated to different levels of added NaCl 
or the absence of added NaCl. After 90 days, 
the 2% NaCl added group had a TBARS value 
that was significantly (p < 0.001) higher than 
that of the 0% NaCl added group and 
somewhat lower than that of the 1.5% NaCl 
added group. After 180 days storage, all four 
treatment groups had increased TBARS values 
with only the 1.5% and 1% NaCl added groups 
having significantly (p < 0.01) higher TBARS 
values than the 0% added NaCl group. 
 
 





The major difference in NaCl content, 
especially between the highest and lowest 
inclusion levels, confirmed the negative effect 
NaCl reduction may have on a given product’s 
microbial shelf-life. Consumers were acutely 
aware of drastic changes in NaCl content and 
disliked the effect of very low NaCl content on 
taste and texture. Consumers’ affinity for a 
strong salty taste need to be addressed or 
satisfied by a sodium-reduced product in order 
to decrease high discretionary salt use. In 
contrast to these findings, drastic (0% NaCl 
added) and even mild (1% NaCl added) 
changes to NaCl content was shown to 
improve the lipid oxidative stability over long 
storage periods. Reducing the NaCl content of 
a meat product without adding other 
substances to fulfil the functions of the 
reduced NaCl content creates a number of 
                       365





The authors would like to acknowledge the 
Red Meat Research and Development Trust as 
well as the National Research Foundation for 
continued support in funding the research 




1. Doyle, M.E. (2008). Sodium reduction 
and its effects on food safety, food 
quality, and human health. Food Research 
Institute Briefings. 
www.fri.wisc.edu/docs/pdf/FRIBriefSodi
umReductFRI1108.pdf. Retrieved on 28 
February 2013. 
2. Reddy, K.A. & Marth, E.H. (1991). 
Reducing the sodium content of foods: A 
Review. Journal of Food Protection 54, 
138-150. 
3. Dickinson, B.D. & Havas, S. (2007). 
Reducing the population burden of 
cardiovascular disease by reducing 
sodium intake: a report of the Council on 
Science and Public Health. Archives of 
Internal Medicine 167, 1460-1468. 
4. Kearney, P.M., Whelton, M., Reynolds, 
K., Muntner, P., Whelton, P.K. & He, J. 
(2005). Global burden of hypertension: 
analysis of worldwide data. Lancet 365, 
217-223. 
5. Charlton, K.E., Steyn, K., Levitt, N.S., 
Zulu, J.V., Jonathan, D., Veldman, F.J. & 
Nel, J.H. (2005). Diet and blood pressure 
in South Africa: intake of foods 
containing sodium, potassium, calcium 
and magnesium in three ethnic groups. 
Nutrition 21, 39-50. 
6. WHO. (2007). Reducing salt intake in 
populations. Report of a WHO forum and 
technical meeting, 5-7 October 2006. 
Paris, France. 
www.who.intl/dietphysicalactivity/ 
redreducingsaltintak.pdf. Retrieved on 20 
June 2013. 
7. Charlton, K.E., Steyn, K., Levitt, N.S., 
Zulu, J.V., Jonathan, D., Veldman, F.J. & 
Nel, J.H. (2005). Diet and blood pressure 
in South Africa: intake of foods 
containing sodium, potassium, calcium, 
and magnesium in three ethnic groups. 
Nutrition 21, 39-50. 
8. South African Department of Health. 
(2013). Regulations relating to the 
reduction of sodium in certain foodstuffs 
and related matters. The Foodstuffs, 
Cosmetics and Disinfectants Act (Act 54 
of 1972). Government Gazette No. 36274, 
20 March 2013. Government Notice No. 
R. 214. 
9. Harrigan, W.F. (1998). Laboratory 
Methods in Food Microbiology. 
Academic Press. San Diego, California. 
10. AOAC. 1990. Official Methods of 
Analysis, 15th Ed. Methods 32.034-
32.039. Gaithersburg, MD. 
11. Raharjo, S., Sofos, J.N. & Schmidt, G.R. 
(1993). Solid-phase extraction improves 
thiobarbituric acid method to determine 
lipid oxidation. Journal of Food Science 
58, 921-924 
12. Doyle, M.E. & Glass, K.A. (2010). 
Sodium reduction and its effects on food 
safety, food quality and human health. 
Comprehensive Reviews in Food Science 
and Food Safety 9, 44-56. 
13. Rhee, K.S. & Ziprin, X.A. (1987). Lipid 
oxidation in retail beef, pork and chicken 
muscles as affected by concentrations of 
heme pigments and nonheme iron and 
microsomal enzymatic lipid peroxidation. 
Journal of Food Biochemistry 11, 1-15. 
14. Decker, E.A. (1998). Strategies for 
manipulating the prooxidative/anti-
oxidative balance of foods to maximise 
oxidative stability. Trends in Food 
Science and Technology 9, 241-248. 
15. Gray, J.I. & Pearson, A.M. (1987). 
Rancidity and warmed-over flavour. In: 
A.M. Pearson & T.R. Dutson (Eds.) 
Advances in Meat Research, Vol 3. pp. 




                       366
60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta del Este, Uruguay 
 
CHEMICAL COMPOSITION AND FATTY ACIDS PROFILE OF LAMB 
MEAT FED EXCLUSIVELY  CONCENTRATED FOOD OR PASTURE. 
 
Ana G. de F. Saccol1, Cleber Pires2, Gabriella Ibarra Ocaña Machado4, Renius de O. Mello3, 
Luciana Potter2, Liane Seibert1, Fernando L.F. Quadros2  
 
1Pós-Graduação em  Zootecnia, UFSM, Santa Maria, Brasil 
2Departamento de  Zootecnia, UFSM, Santa Maria, Brasil 
3Departamento de Tecnologia dos Alimentos, UFSM, Santa Maria, Brasil 
4Curso de Zootecnia, UFSM, Brasil 
*agsaccol@hotmail.com 
 
ABSTRACT- With the aim of evaluating 
the effect of feeding based exclusively on 
concentrated  or pasture in the chemical 
composition and the fat acid profile of lamb 
meat 20 lambs crossbred  Texel and Ile de 
France were used, distributed in two 
feeding systems: finished in feedlot  with 
exclusive concentrated or natural pasture 
with finished Raygrass (Lolium multiflorum 
Lam). The experiment was performed in 
the Federal University of Santa Maria, from 
October 2012 to July 2013. The slaughter 
was made when the animals reached 35kg 
body weight. A portion of the muscle 
Longissimus dorsi was used to determine the 
chemical composition, cholesterol content 
and the fatty acids profile of the meat. The 
lambs fed exclusively pasture presented a 
decrease of 40.8% in the fat content, with 
higher protein percentage. Among the 36 
fatty acids identified in the profile, 21 
presented difference between the feeding 
systems. In conclusion, the feeding system 
changes the fat and cholesterol contents as 
well as the fatty acid profile of the meat 
lamb, resulting in important differences for 





The red meat has been associated to a negative 
image to health due to its fat content. 
However, it’s an important source of iron, 
selenium, vitamins A and B12, folic acid, 
proteins and with its low carbohydrate content, 
contributes to a low glycemic índex, which is 
considered beneficial in relation to body 
weight excess and diabetes and cancer 
development (1). Studies have associated the 
use of red and processed meat with the 
development of  cardiovascular diseases. (2). 
The component of the red meat responsible for 
this association is the fat content. Diets with 
high content of saturated fatty acids (SFA) are 
related to the increase of low density 
lipoprotein levels (LDL), which are associated 
with higher risk of cardiovascular diseases (3). 
The nutritional value is an important 
contributor to the total meat quality. The 
intramuscular fat levels and the fatty acids 
composition, together with the biologic value 
of the protein, elements and vitamins traces, 
are key-factors that contribute to nutritional 
value (4). Studies show that the animal feeding 
interferes in the fatty acids profile of products 
coming from ruminant animals and more 
specifically in the profile of fatty acids (5). 
This fact shows that ruminants fed with 
pasture present a higher level of 
polyunsaturated fatty acids (PUFA) n-3 in 
meat than the animals fed with grains only (6). 
The production systems based on pasture 
make it possible to obtain meats with lower 
intramuscular fat content and cholesterol, 
better ratio between fatty acids n-6:n-3 and 
higher concentration of  Conjugated Linoleic 
Acid (LCA), which are all beneficial 
characteristics for the human health (7). The 
objective of this study was to evaluate the 
effect of the animal feeding based exclusively 
on concentrated or pasture in the chemical 




II. MATERIALS AND METHODS 
 
The experiment was carried out in the Federal 
University of Santa Maria, from October 2012 
to July 2013, in which 20 lambs were used. 
They were crossbred of Texel and Ile de 
France, and were distributed in two feeding 
systems: a) feedlot exclusively concentrated 
feeding (77.36% corn grain; 20.20% soybean 
meal; 1.42% limestone and 1.02% bicarbonate 
of sodium). b) natural pasture + raygrass 
pasture with exclusive pasture feeding. The 
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lambs were weaned with 20kg body weight 
(BW) and placed at the different feeding 
systems untill they reached 35kg BW, 
determined moment for the slaughter. Water 
and mineral salt were provided ad libitum for 
both the treatments. For the natural pasture 
management it was used (375°C-days), 
determined according to the thermal sum 
accumulated and for the raygrass pasture was 
the continuous grazing system, with variable 
number of regulator animals, aiming to 
mantain forrage mass between 1400-
1600kg/ha of dry matter (DM). After the 
slaughter the carcasses were stored at 4°C 
during 24h. Later, they were subdivided in 
cuts and the muscle Longissimus dorsi was 
withdrawn from the half right carcass in the 
portion that comprises from the 6th to the 10th 
dorsal vertebra, vacuum packed and stored at 
temperature lower than -18°C for subsequent 
analyses. The meat samples were lyophilized 
and after being realized the moisture 
determination, ashes and total nitrogen (N) 
through Kjeldahl method (8). For the 
conversion of the N values in crude protein 
(CP) it was used the correction factor 6.25. 
The intramuscular fat was extracted according 
to (9). Subsequently, we proceeded to the 
derivatization in accordance with Christie 
(10). The methyl esters of fatty acids were 
analyzed in the gas chromatograph model 
6890N (Agilent Technologies, Santa Clara, 
CA, USA) equipped with flame ionization 
detector, G4513A automatic injector (Agilent 
Technologies, Santa Clara, CA, USA) and 
capillary column fused silica SP-2560 
(Supelco, Bellefonte, PA, USA) 100m × 
0.25mm × 0.20µm ciano silicone with highly 
polar stationary phase . The injection volume 
was 1µL rightly 1:50. The identification of the 
peaks was performed by comparison with the 
retention times of the methyl esters of 
standards (Sigma-Aldrich, St. Louis, MO, 
USA) fatty acids. Quantification was 
determined by the peak area of interest in 
relation to the total area of peaks identified, 
expressed in g/100g (%). The experimental 
design was completely randomized with two 
food systems and ten repetitions. After the 
normality test, the data were subjected to 
analysis of variance and the F test level 5% 
significance level, using the GLM procedure 
of SAS, version 9.1. 
 
 
III. RESULTS AND DISCUSSION 
 
It was found that the diet did not change the 
moisture content and ash meat. However, 
lambs fed exclusively on pasture had higher 
crude protein and lower in fat and cholesterol 
Longissimus dorsi (Table 1).  
Table 1 – Chemical composition and percentage of 
cholesterol in the Longissimus dorsi muscle of 
lambs fed exclusively concentrated feed or pasture. 
 Feeding System   
Composition Concentrated Pasture P* MSE 
Moisture (%) 75,21 75,95 0,3035 1,6188 
Ash (%) 1,92 1,46 0,0932 0,5479 
Crude 
Protein (%) 
18,56 20,04 0,0013 0,7240 
Fat (%) 4,31 2,55 0,0074 1,1437 
Cholestetol 
(mg/100g) 
71,07 51,90 <0,0001 6,3839 
*Probability 
 
The values of chemical composition may 
fluctuate with the state of completion of the 
animal, resulting in decreased percentages of 
protein and water, and increase the fat content 
in meat. Thus, with higher slaughter weight 
there is a tendency to increase in fat and 
decrease of water in the meat (11). The 
slaughter criterion used in this study was the 
body weight. Thus the state of completion of 
animals can be assigned to the diet. In this 
case, considering the Brazilian legislation 
reduction of 40.8% in fat content, one can 
propose the use of the term "light" for lamb 
meat produced in pasture. According BRASIL 
(12) from 2014 “light” indication shall be 
released only where the food has at least 25% 
less of a particular nutrient than conventional 
products of the same brand. Lip     ids are very 
important to the quality of the meat, as it is 
positively correlated with the degree of 
marbling and palatability and negatively with 
the process of thawing meat (13). On the other 
hand, the highest percentage of intramuscular 
fat influences the ratio of membrane lipids and 
lipid droplet in adipocytes. Whereas the lipid 
droplet is mainly composed of SFA and 
monounsaturated (MUFA) while the 
membrane lipids by PUFA, this fact may lead 
to a higher proportion of PUFA and/or n-3 in 
meats with lower concentration of 
intramuscular fat affects the profile of fatty 
acids in meat. In the present study, the animals 
finished pasture had a lower percentage of fat 
(P<0.0074) which may explain the higher 
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proportion of PUFA n-3. It is essential to 
observe the profile of meat fatty acids, since, 
according to World Health, 2003 (14), human 
dietary recommendation is to reduce the 
consumption of saturated fat. Thus, there is an 
increased interest by consumers in meat 
containing higher content of PUFA, especially 
n-3, and conjugated linoleic acid (CLA) and 
lower SFA (15).    In the meat, many that 
make up the fat fraction fatty acids are 
identified. In the present study eight fatty acids 
were found in the meat of animals fed 
concentrate and eleven in meat from animals 
fed on pasture, with values greater than 1%, 
which represent about 95% of total identified 
fatty acids (Table 2). Among the fatty acids 
found it is important to note  C18:2 n-7 c9, t11 
(CLA) only in ruminant product, which was 
superior in meat derived from animals fed on 
pasture only (P <0.0001). The amounts of n-3 
PUFA, particularly α-linolenic acid (18:3 n-3 
c9, c12, c15), but also EPA (20:5 n-3 c5, c8, 
c11, c14, c17), and DHA (22:6 n-3 c4, c7, c10, 
c13, c16, c19) were higher for lamb meat 
produced on pasture, these acids are 
considered the omega3 for purposes of 
meeting the resolution providing for the 
technical regulation on the information on 
supplementary nutrition (12). With the values 
found in the profile, according to the law, the 
sheep meat produced on pasture can be 
considered with a high content of omega3 and 
meat produced with concentrates as a source 
of omega3 foods. These values will also result 
in a smaller ratio n-6:n-3, beneficial to human 
health. It is also worth mentioning that not all 
SFA are considered hypercholesterolemic. 
French et al (16) reported that it would be 
most undesirable fatty acid myristic acid 
(C14:0). In the present study, this represented 
2.47% of the total in the meat of lambs fed 
concentrate and smaller value 1.67 % for those 
fed on pasture (P<0.0139). C18:1 n-9 c9 (oleic 
acid) showed the highest percentage in the 
fatty acid profile followed by palmitic acid 
(C16:0) for lamb meat produced with 
concentrated and stearic acid (C18:0) for lamb 






Table 2 Fatty acid profile of intramuscular 
fat in the Longissimus dorsi muscle of lambs fed 
exclusively concentrate or pasture 
Fatty Acids 
Feeding system 




C10:0 0.20 0.12 0.0007 0.0381 
C12:0 0.12 0.07 0.0300 0.0381 
C13:0 0.01 0.01 0.2393 0.0011 
C14:0 2.47 1.67 0.0139 0.5895 
C15:0 0.28 0.49 <0.0001 0.0589 
C16:0 26.17 19.69 0.0001 2.2058 
C17:0 1.16 1.22 0.6404 0.2537 
C18:0 16.46 22.28 <0.0001 1,6255 
C20:0 0.10 0.15 0.0040 0.0215 
C22:0 0.15 0.56 0.0015 0.2022 
C14:1 n5-c9 0.07 0.02 0.0003 0.0120 
C15:1 n5-c10  0.04 0.01 0.0142 0.0155 
C16:1 n7-c9 1.41 1.09 0.0038 0.1891 
C17:1 n7-c10 0,58 0,59 0.8345 0.1537 
C18:1 n9-t9 0,07 0,64 <0.0001 0.1065 
C18:1 n7-t11 3,70 5,42 0.0911 2.0342 
C18:1 n9-c9  38,30 32,69 0.0013 2,7258 
C20:1 n9-c11 0,11 0,12 0.5204 0.0375 
C22:1 n9-c13 0,11 0,02 0.4699 0.1240 
C24:1 n9-c15   0,10   0.1674 
C18:2 n6-t9,t12 0,10     0.0389 
C18:2 n6-c9,c12 6,59 5,07 0.2083 2,5014 
C18:2 n7-c9,t11 0.39 1.69 <0.0001 0.1928 
C18:2 n5-c11,t13 0,06 0,05 0.2855 0,0243 
C18:2 n6-t10,c12 0,02 0,18 <0.0001 0.0306 
C18:2 n5-t11,t13 0,02 0,12 0.0071 0,0331 
C18:2 (t8,t10+t9,t11+t10,t12) 0,02 0,04 0.3371 0.0367 
C20:2 n6c11,c14 0,08 0,10 0.2090  0,0377 
C22:2 n6c13,c16 0,02 0,07 0.0266 0.0195 
C18:3 n6c6,c9,c12 0,10 0,10 0.9733 0.0787 
C18:3 n3c9,c12,c15 0,50 2,33 0.0001 0,6270 
C20:3 n6c8,c11,c14 0,24 0,22 0.8386 0,2019 
C20:3 n3c11,c14,c17 0,10 0,30 0.0118 0,1423 
C20:4 n6 c5,c8,c11,c14 0,25     0.2089 
C20:5 n3 c5,c8,c11,c14,c17 0,19 1,20 <0.0001 0,3169 





The reduction in fat content of meat produced 
on pasture allows it to be classified as “light” 
in accordance with Brazilian legislation. The 
values of the polyunsaturated fatty acid -
linolenic acid found in sheep meat indicate 
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that lamb produced on pasture can be 
considered with a high content of omega 3 and 
meat produced with concentrated foods as a 
source of omega 3. Feeding system modifies 
the profile of lamb meat fatty acids, resulting 
benefits for consumer health in meat produced 
on pasture. 
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